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ABSTRACT 
A comprehensive biological analysis of the skeletal remains from 
the Kaufman-Wi 11 i ams site, 41 RRl 6, Red River County, Texas, was 
conducted. The primary purpose of the investigation was to expand 
our knowledge about the biological variabiltty found among the 
prehistoric Caddo. Cranial and postcranial measurements were taken, 
and indices were calculated. Several non-metr'ical characters were 
observed. The health status of the group was assessed based upon 
the pathological conditions noted in the bon�s. Cranial deformation 
was studied in detail, particularly its effect on craniofacial 
measurements. 
A further analysis attempted to relate the skeletal material from 
the Kaufman-Williams site to Caddoan skeletal samples discussed in 
Maples (1962) and Westbury (1978) and to skeletal samples from the 
Saint Helena phase in Nebraska and from the Mobridge and Rygh sites 
(Arikara) in South Dakota. All of these groups were menbers of the 
Caddoan Linguistic Family. The Penrose Size and Shape Coefficient was 
used in the analysis since only literature data was available for the 
Caddo studies. 
Seventy-five skeletons were used in the biological analysis. 
They were dug by Gregory Peri no of the Museum of the Red River, 
V 
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Idabel, Oklahoma. The skeletal material was given to Dr. William M. 
Bass, University of Tennessee, Knoxville, Tennessee, who made them 
available to the author. There were 28 females, 26 males, and 21 
subadults in the sample. 
The two health conditions which probably caused the greatest 
problem for the inhabitants of the site were dental caries and 
abscesses and degenerative arthritis. Congenital defects, which 
probably caused no problems, occurred quite frequently. 
Twenty-eight percent of the deaths occurred among subadults. 
The highest death rate for males occurred between 30. 0 and 34. 9 years 
of age. The females had two periods of high death rate--one between 
30.0 and 34. 9 years of age and the other between 45. 0 and 49. 9. 
The skulls from Kaufman-Williams were almost all intentionally 
cranially deformed. Parallelo-fronto-occipital deformation was the 
most common type. Two ratios (Frontal .Deformati0n Ratio and 
Occipital Deformation Ratio) were devised to quantify the amount 
of defonnation cbserved. The skulls were then grouped into defonna­
tion classes based upon these ratios. The three-cluster arrangenEnt 
of the skulls based on the deformation ratios agreed well with the 
author's subjective classification. However, small cluster groups 
necessitated realignnent of the skulls into two groups--moderate and 
ext reme--for 1 ate r comparisons. 
Three tests, based upon either the two defonnation ratios or 
upon the two deformation classes, were conducted to determine which 
craniofacial measurements were affected by deformation. These tests 
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showed that, in general, breadth measurements were most affected by 
deformation. Those measurements which seemed to be most signifi­
cantly affected by deformation were not used in the Penrose Size and 
Shape calculation. 
The Penrose distance calculation placed the Cooper Lake material 
(Westbury 1978) generally more distant from the other populations; 
however, among the females Cooper Lake and Sanders (Maples 1962) 
were close. The Penrose coefficient placed the Kaufman-Williams, 
Arikara, and Saint Helena morphologically close. 
The discrete trait analysis showed no significant sex, 
bilateral, or deformation class differences in the frequency of the 
traits. However, there were several traits which occurred in higher 
frequ�ncies in both sexes in either the moderate or extreme 
defonnation classes. 
This study broadens our knowledge about the Caddo Indians and· 
about their placement within the Caddoan Linguistic Family; however, 
many more such studies need to be completed. Furthermore, compari­
son of the Caddo with other nearby groups in the Texas-Oklahoma 
area should be conducted. 
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CHAPTER 1 
INTRODUCTION 
The Caddo Indians 
The Caddo Indians, members of the Caddoan Linguistic Family, 
resided prehistorically in adjacent sections of Arkansas, _Louisiana, 
Texas, and Oklahoma. They lived in a 70,000 to 80,000 square mile 
area centered geographically near the Great Bend of the Red River 
(Krieger 1946; Hatcher 1927; Newcomb 1969). 
The word "Caddo" is a modern English tenn which is an abbreviation 
of the name "Kadohadacho" ("Cadodacho" in Spanish and 11 Caddodoquieux 11 
in French}. The name is derived from the native word for an 
administrator or chief, 11 Kaadi 11 or 11Caddi 11 (Tanner 1972; Story 1978). 
The name referred initially to one of the three Caddo 
confederacies: . (a} Kadohadacho, (b} Natchitoches, and (c) Hasinai. 
The Kadohadacho or Caddo confederacy was composed originally of four 
principal tribes who lived in the vicinity of the Great Bend of the 
Red River in what is now southwestern Arkansas and northeastern 
Texas (Tanner 1972; Swanton 1931, 1942; Williams 1955; Ford 1936}. 
The Hasinai confederacy, which comprised the largest group of Caddo, 
was the collection of nine to eleven villages in east central Texas 
along the upper reaches of the Neches and Angelina river valleys 
(Newcomb 1960; Griffith 1954). In the vicinity of the modern 
namesake, town, Natchitoches, Louisiana, 1 i ved the third group known 
· as the Natchitoches (Newcomb 1960) (see Figure 1). 
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Figure 1. The Caddoan Area and the Kaufman-Williams Site. 
Source: Adapted from Davis (196lb:5) 
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Despite their linguistic affiliations with the Pawnee, Arikara, 
Wichita, and Kichai (all Plains dwellers), the Caddo faced east in a 
cultural sense. They shared a distinctive cultural tradition with 
other Indians of the southeast and particularly with the Natchez 
(Newcomb 1960; Lange 1954). 
The four state area occupied by the Caddo was lovingly spoken of 
as 11 the beautiful country" by them. It was a country ideally adapted 
to their farming, hunting, and fishing way of life (Webb 1960; Blair 
1950; Davis, H. 1970;··-Boltdn·· 1908). 
Mooney (1928) estimated that there were 8,500 Caddo in 1690 
(protohistoric period); however, Swanton (1946) suggested that there 
were not more than 8,000. Some villages were contacted by Europeans 
(first by the French and then by the Spanish) as early as 1540; 
however, evidence of trade goods is non-existent or rreager at most 
sites prior to 1700 (Dorsey 1905; Neuman 1974; Harris et al. 1965; 
Scurlock 1965). 
Unfortunately for the Caddo their homeland was located at the 
point of contact of French and Spanish exploration and expansion 
activities. Like many other American Indian groups, their numbers 
dwindled rapidly as contact with Europeans increased (Glover 1935; 
Smith 1958). Gradual encroachment upon Indian land occurred and 
in 1859 the remaining Caddo were removed from their homeland and 
assigned to a reservation in the state of Oklahoma where their 
descendants still live today. The first accurate census taken by 
the Indian Office was in 1880 when the figure for the united Caddo 
people was given as 538 (Swanton 1952; \�illiams 1955). Almost 1800 
people are now listed on the tribal roll (Marquis 1974). 
The Kaufman-Williams Site, 41RR16 
The village now known as the Kaufman-Williams site was located 
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a 1 ong the southern bank of the Red River in northern Red River County, 
Texas. It is near the town of Manchester, .Texas, off state highway 
410. The site was occupied from approximately 1100 to 1800 A.O. 
(Skinner et al. 1969) (see Figure 1, page 2). 
The site was originally outlined and registered by R. K. Harris 
about 1970; it is bisected by two farms (see Figure 2). One portion 
was originally owned by Mr. Sam Coffman, who requested that his name 
be spelled 11 Kaufman 11 (Skinner et al. 1969). The registered s1te 
designation uses this spelling. The other portion of the site is 
owned by the Williams family (Perino personal communication). 
The first archaeological work at the Kaufman site was reported 
by R. K. Harris (1953). Hts excavations took place on that portion 
of the site encompassed by the Kaufman farm. 
In 1968 Southern Methodist Un.iversity aided by members of the 
Oklahoma Anthropological Society again excavated a portion of the 
site located on the Kaufman property, which was then owned by Red 
River Ranches, Lepanto, Arkansas {Skinner et al. 1969). 
Gregory Perino·of the Museum of the Red River, Idabel, Oklahoma, 
was in charge of the excavation on the portion of the site located 
on the Williams fann (noted herein as the Kaufman-Williams site). 
5 
Figure 2. The Kaufman-Williams Site, 41RR16. 
Burials were found associated with House Pattern Areas 1 thro.ugh 5. 
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Excavations began in the spring of 1977, and the last of the skeletal 
material used in this study was obtained in June 1979. The burials 
were dated to the late prehistoric period (1550-1700 A.O.) (Perino 
personal communication). 
General Problem Area and Goals ----
Docuirentation of the range of biological variation which occurs 
among human populations both through time and in space is one of the 
many concerns of physical anthropologists. Skeletal remains, of . 
course,.provide the only means of studying long-term temporal change. 
Whereas in the past such studies have stressed the taxonomic and 
historical implications of human variability more recent studies have 
attempted to unravel the evolutionary or adaptive si·gnificance of 
craniometric variation (Jantz 1970, 1972, 1973, 1977; Howells 1973). 
Only a limited number of studies have been concerned with 
biological variation among the Caddo Indians. Most of those involv­
ing study of skeletal material have suffered from small sample size 
or po�r preservation (Brues 1958, 1959; Buikstra and Fowler 1975; 
Navey 1975; Scurlock 1962). Thus, the Caddo Indians, who have been 
well-documented archaeologically, are still rather poorly understood 
from a biological perspective. 
Furthermore, even though previous archaeological work has been 
conducted at the Kaufman site, there has been no detailed, compre­
hensive study of a relatively large sample of skeletal material. In 
the first report on the site published by R. K. Harris (1953) it was 
stated that the skeletal material was poorly preserved. Description 
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of the burials themselves was scanty. Further papers on other 
burials obtained during this period (Harris et al. 1954; Perkins 
1955; Harris and Wilson 1956; Huff 1960) again stressed the poor 
state of preservation. Stature estimates, in feet and inches, were 
made when possible, and rough age estimates were given. Eighteen 
burials were mentioned in these papers plus a cache pit containing 
20 skulls. Nothing was stated about what happened to this material. 
During th·e 1968 excavations by Southern Methodist University, 
23" skeletons were recovered. Many of these were also reported as 
being fragmentary. Analysis of the skeletal material was by 
Barbara H. Butler who did not measure most of the crania 11 • • •  because 
of distortion produced by post mortem warping or artificial 
defonnation11 (Butler 1969: 118) . 
Due to the fact that the prehistoric Caddo Indians have not 
been extensively studied biologically, it was felt that the first 
objective of this study should be to ascertain and record the amount 
of biological variation occurring in the skeletal material recovered 
from the Kaufman-Williams site. This approach provided a basis for 
the comparative analyses undertaken in this dissertation and will 
also provide well-documented comparative material for the use of 
other researchers. Both metric and nonmetric.characteristics of each 
individual were analyzed. Basic infonnation about the relative 
homogeneity or heterogeneity of the sample as a whole as well as by 
sex was obtained. The pathological conditions which occurred 
on the individual skeletons were studied; this pennitted inferences 
to be made about the general health status--disease, nutrition and 
injury--of the group. 
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Since cranial deformation has been commonly noted in Caddoan 
skeletal collections including that from the Kaufman-Williams site, 
an effort was made to determine the effect of parallelo-fronto­
occi pita 1 deformation on metric and nonmetri c traits. Furthermore, 
the degree of defonnation was analyzed for possible sex or status 
differences. 
The cultural practices associated with death and burial, such 
as burial position and associated grave goods, were examined. 
Possible sex, age, and status qifferences were noted. 
Thus, the initial part of this study was concerned with the 
amount and type of biological variability occurring within this 
skeletal sample from the Kaufman-Williams site. 
A secondary goal of this study was to craniometrically compare 
the skeletal sample from Kaufman-Williams with other Caddoan material 
and with other Indian groups belonging to the Caddoan Linguistic. 
Family. This provided both a temporal and areal dimension to the 
variabil.ity found among one of the major North American linguistic 
families. 
As ipentioned earlier, much of the Caddoan skeletal material 
that has been reported in the literature comes either from very 
small samples or is very fragmentary in nature or both. Therefore, 
it was very difficult to locate suitable comparative material. 
Maples (1962) compared skeletal material from a single 
Gibson Aspect site (T. M. Sanders) with several Fulton Aspect sites 
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(Womack Fann, Hunt Farm, Farrer, Jim Allen, Hatchell, Moore, and 
P. Mitchell) . The Gibson site represented the early Caddo period 
(1200-1400 A.O.); the Fulton Aspect sites represented the later Caddo_ 
period (1500-1700 A. O. ) to which the Kaufman-Williams site also 
belonged. Literature data concerning 49 skeletons fro� the Gibson 
Aspect and 81 from the Fulton Aspect were used in this study; however, 
many of the cranial measurements were missing due to the fragmentary 
nature of the material. For example, for some measurements only one 
cranium was complete enough to measure. Nevertheless, even though 
limited data were av.ailable for sorre measurements it was decided to 
use this study in a comparison with the skeletal material from 
Kaufman-Williams to provide a temporal-areal view of the biological 
variability occurring among the Caddo. 
The second study of the Caddo that was used for comparative 
purposes was that of Westbury (1978) on the skeletal material from 
the Cooper Lake area. Twenty-two individuals were recovered from 
five sites (Arnold, Cox, Thomas, Tick, and Manton Miller) located 
along the South Sulphur and Middle Sulphur River drainages in north­
eastern Texas. The material is fragmentary also, and many data were 
missing. These sites were dated to the pre-ceramic and early Caddo 
periods (700-1400 A.O. ) .  Thus, they overlap into the same time period 
as the T. M. Sanders site utilized by Maples. 
Even though the samples used for comparison were small, this 
material was used to analyze the biological differences occurri.ng 
among the Caddo Indians over approximately a thousand year period. 
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The Caddo are 1 ingui sti cally affiliated with the Arikara, 
Pawnee, Wichita and Kichai who resided in various areas of the 
Plains. Hughes (1974) noted that with regard to most traits of 
culture the Caddo were very different from the Pawnee and Arikara 
and resembled some of their non-Caddoan neighbors more than they did 
their closest Caddoan relatives, the Wichita. The Caddo language is 
the most diverse and divergent of the Caddoan languages; 
glottochronology separates Caddo by 30, 33, and 35 centuries, 
respectively, from the Wichita, Pawnee and Arikara (Hughes 1974:298). 
Biological comparisons of members of the Caddoan Linguistic 
Family have been made by a few researchers. Hrdlicka (1927) found 
the Wichita and Caddo to be of a different physical type than the 
Pawnee. Neumann (1952) classified the Arikara and Pawnee as northern 
Lakotfds (hybrid Deneid-Lenapid) and the Wichita and Caddo as southern 
Lakotids (hybrid Deneid-Walcolid). In his detailed, comparative 
study Bass (1964) provided adequa�e confirmation of the similarity 
between the Arikara and Pawnee; however, his study involved no 
comparison with the Caddo. 
Consequently, the skeletal material.from the Kaufman-Williams 
site was compared with approximately contemporaneous Arikara material. 
As mentioned previously, the early Caddoan culture (1200-1400 A.O.) 
is known as the Gibson Aspect. The sample used by Maples (1962) 
from the Sanders site and the sample from Cooper Lake (Westbury 1978) 
are representative of this group. An approximately contemporaneous 
sample which is probably proto-Arikara (Jantz 1977; Jantz et al. 
1978) is the mate·rial from the Saint Helena phase. The Saint Helena 
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people 1 i ved in extreme northeastern Nebraska near the South Dakota 
and Iowa borders. The time span for the Saint Helena phase is 
roughly between 1400 and 1500 A.O. (Krause 1969). Measurements taken 
by Bass and Jantz on the Saint Helena group were used in this study. 
Two Arikara sites in South Dakota were also used for comparative 
purposes. The Mobridge site is on the east bank of the Missouri 
River 1 ess than a mi 1 e north of Mobridge, South Dakota. The Rygh 
site, also located on the eas·t bank of the Missouri, 1 ies north of 
the Mobridge site approximately opposite the Leavenworth site. Both 
sites contained very few trade goods, and can, therefore, be dated 
somewhere between 1600 and 1700 A.O. (Jantz 1972, 1973). The 
measurements ysed in the comparative analysis were taken by Jantz. 
These sites were roughly contemporaneous with the Kaufman-Williams 
site and with the Fulton Aspect sites analyzed by Maples. 
Thus, the second phase of analysis in this study focused 
upon the amount of variability occurring among Caddo Indians living 
at different sites during a thousand year period and upon the degree 
of biological similarity and/or divergence among approximately 
contemporaneous groups of the Caddoan Linguistic Family. 
In summary, this study began with a comprehensive analysis of 
the skeletal material from the Kaufman-Williams site. Comparisons 
were then made with selected groups of the Caddoan Linguistic Family 
in order to determine the degree of resemblance between them. 
The Present Study in Relationship 
to Other Caddoan Studies 
12 
The early decades of fieldwork in the Caddoan area focused 
primarily upon the recovery of artifacts; the success of an excavation 
was measured in terms of the quantity and quality of the artifacts 
recovered. The questions answered during this period provided only 
a very broad understanding of past Caddoan culture . The emphasis was 
on the large sites, especially those containing cemeteries, and since 
nonartifactual materials were not considered important, they were 
either only incidentally collected or complet�ly ignored. This 
emphasis upon artifact collecting dominated much of the institution­
ally funded field work from the early 1900's to the beginning of 
World War II . It still continues today, usually in the form of the 
private collector (Story 1978). 
Early excavations along ·the Red River were reported by Moore 
(1912) who excavated 47 sites. In his publication he briefly noted 
such details as buriaf position and number of burials in each grave. 
Hrdlicka (1909) discussed skeletal remains from both Arkansas and 
Louisiana. 
W. P.A. crews, supervised by professional archaeologists, worked 
in all four states in the Caddoan area during the 1930's . Numero�s 
amateurs were also active at this time. Most of the sites investi­
gated were cerreteries. which were dug in order to collect complete or 
restorable grave goods and to note their associations (Davis, E. 1970). 
Pearce (1932), for example, reported that at the end of the first 
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season's field work more than 1000 pottery vessels were brought into 
the laboratory. 
Unfortunately, reports about most of the sites dug at this time 
have never been published. Extant reports are limited almost entirely 
to the archaeological materials. The burials themselves are generally 
given only cursory mention. It is often stated that the burials 
were poorly preserved and seldom is it mentioned what happened to 
the bones. Typical publications of this type include Jackson (1933, 
1934, 1935, 1938), Webb and Dodd (1939), and Lemley (1936). 
A few publications, however, are somewhat more detailed about 
the skeletal material. Goldschmidt (1935) speculated about why most 
of the skeletal material from eastern Texas was so poorly preserved. 
Walker (1935) discussed the cranial defonnation which he had noted 
in the skulls he had found. Hrdlicka provided information about 
the Caddo in the Proceedings of the United States National Museum 
(Hrdlicka 1924, 1927, 1940). 
During the 1940 1 s, undoubtedly due to the disruptions caused by 
World War II, publications which referred to skeletal material in the 
Caddoan area were scant. A comprehensive description of the dentition 
of the Texas Indians including the Caddo, was given by Goldstein 
(1948h Colquitt and Webb (1940) and Keith (1973) also discussed the 
dentition of the Caddo. A paper on cranial deformation among the 
Texas Indians was published by Goldstein also (Goldstein 1940). 
Publications in which the grave goods were described and the burials 
were ignored continued to appear (Harris 1945; Dickinson 1941; Orr 
1946). 
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Comparative analysis of the archaeological remains which were 
recovered in the 1930 1 s and early 1940's enabled Krieger (1946, 1947b) 
and Newell and Krieger (1949) to fonnulate the classification of 
Caddoan cultures which has formed the basis of all subsequent studies 
in the four state area. These publications have clearly delineated 
the older Gibson Aspect and the later Fulton Aspect. The McCurtain 
Focus of the Fulton Aspect is the culture associated with the 
Kaufman-Wi 11 i ams site. 
Since 1949,. several other workers have further clarified the 
cultural sequences in the Caddoan area (Suhm and Krieger 1954; 
Davis 1961a, 1961b, 1970; Orr 1952; Wycoff 1970, 1971; Webb 1945, 
1959; Webb and Gregory 1978; Griffith 1954; Bell and Baerreis 1951; 
Hoffman 1969). Caddoan settlement patterns and house types were 
discussed by Bushnell (1922), Webb (1940) and Brown et al. (1978). 
A recent synthesis of Caddoan studies which has been of considerable 
value was written by Story (l978). 
Several studies have helped in delineating Caddoan placement 
within the Caddoan linguistic. family and in determining Caddoan 
relations with other Indian groups (Bell 1961; Lesser and Weltfish 
1932; Krieger 1947a; Hughes 1974; Griffin 1961; Gray and Laughlin 
1960; Webb 1961; Jelks 1961). 
From the early 1950 1 s to the present time papers which provided 
more detailed analyses of Caddoan skeletal material have become more 
common (Brues 1957, 1958, 1959; Maples 1962; Powell 1977; Goldstein 
1957; Woodall 1969) .. However, reports written either by 
archaeologists, who were only interested in the artifacts and 
sometirres in burial customs, or by amateurs, continued to appear 
(Hebb and McKenney 1975; White 1970). One element of the burials 
that is often mentioned, as in earlier descriptions, is the poor 
state of preservation (Johnson 1962; Scurlock 1962; Harris et al. 
1965; Lawton 1956; Bell 1953; Brown 1975) . 
Among the most interesting but also very complicating 
features found· on Caddoan skeletal material are the intentionally 
defonned skulls (Goldstein 1940; Walker 1935; Bennett 1961) . 
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Swanton (1911, 1946) gave an ethnographic account of the process of 
binding an infant in a cradleboard. Neumann (1942) , Stewart (1973) , 
and Dembo and Imbelloni (1938) provided a general discussion of 
cranial defonnation, and Stewart (1940) suggested that cranial 
deformation was a rather late manifestation. Gill (1977) compared 
cranial defonnation with motifs found on figurines ·(in Mesoamerica) 
and suggested that a single conceptual idea was held in common by 
those who artificially shaped infants• skulls. Gregory (1963) 
published a brief note on skull defonnity in which he suggested that 
it was practiced by the Indians as a means to enhance personal 
appearance. 
The question of which cranial and/or facial measurements and 
of which non-metric traits are affected by deformation has been 
addressed by several authors (McNeill and Newton 1965; Moss 1958; 
Dorsey 1897; Ossenberg 1970; Gottlieb 1978; Giles and Bleibtreu 1961; 
Rogers 1975; Leigh 1937; Shapiro 1928). Bennett (1965) concluded 
that wormian bones represent secondary sutural characteristics 
brought about by stress. Buikstra (1976) stated that the presence 
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of deformation severely limits the use of cranial metrics as 
bio:togical distance measures, and Howells (1973) felt that deformed 
skulls should be discarded from such studies. Experimental studies 
involving defonnation in rats by Pucciarelli (1974, 1978) stressed 
the need to analyze the effect deformation stresses actually have 
on the human skull. 
It has not been established whether deformation has any effect 
on the total volume of the brain case. It is likely that there is 
sufficient plasticity in the growing bones to permit the brain case 
to expand in a compensatory way when pressures are applied in any 
one direction and little or no change should result in cranial 
capacity (Moss 1958). However, in a small series of deformed and 
undeformed crania examined-by MacCurdy, the deformed series averaged 
nearly 6% lower in volume than the undeformed specimens (MacCurdy 
1923) . 
Summary 
Studies about the Caddo Indians have been primarily from an 
archaeological perspective. Those investigations that have dealt 
with the biology of the people have generally been severely hampered 
by small sample size or fragmentary remains. The present study 
should broaden our knowledge of the people. 
CHAPTER 2 
MATER IAL 
Skeletal Material from the Kaufman-Williams Site -- -- --- ---
The skeletal material which comprised the core of this study 
was dug by Gregory Perino of the Museum of the Red River, Idabel, 
Oklahoma, during the period between 1977 and 1979. The collection 
was gi"ven to Dr. vJilliam M. Bass, University of Tennessee, Knoxville, 
Tennessee. Dr. Bass bro.ught 44 skeletons to Knoxville in 1978; 15 
additional skeletons were brought from Oklahoma by the author in 
March, 1979. Sixteen more skeletons were obtained in June, 1979, 
at the close of the excavations. The sample was almost evenly 
divided among the sexes. There were 26 males and 28 females; 21 
skeletons were sub-adult. 
The Kaufman-Williams site is located along a river terrace about 
30 feet above the south bank of the Red River bridging what was 
fonnerly a large meander in the river. In 1977 the river broke 
through its banks and created a new channel; thus the 11 Williams 11 side 
of the site which is located to the south is no longer adjacent to 
the river. The land is flat to gently rolling and it has been 
farmed for over a hundred years. Trees fringe the borders of the 
cultivated fields. A narrow copse of tangled vines and trees which 
is lower than the surrounding ground divides the Williams portion of 
the site. This area is sometimes boggy (see Figure 2, page 5). 
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The skeletal material was derived from five different areas 
which apparently surrounded fonner residential areas. Table 1 
presents the burials which were found with each house pattern area. 
The portion of the site located on the Kaufman property was 
apparently occupied earliest, according to Skinner et al. (1969). 
The architectural remains on that part of the site are attributed 
to the time period from the eleventh century to possibly as late as 
1500 A . D. As the population grew, settlerrent began on the Williams 
portion of the site. Gregory Perino (personal communication) pl aces 
the occupation there from 1550 to 1700 A. D. based upon pottery types 
found with the burials. The late burials were associated with 
Hudson Engraved bo�tles and Hodges Engraved deep conical bowls. Those 
graves containing Sirrms Engraved bowls were intermediate to late. 
Perino also notes that most, but not all, of the shallower burials 
were late. Burial 30 was found with an iron .strike-a-lite and two 
dart point tips on the sternum; some of the pottery associated with 
this burial was made by the same potter who made part of the pottery 
associated with Burial 39. Thus, these two burials occurred in the 
early historic period. 
Since all of the burials came from an area about eight hectares 
in extent and since Houses 3, 4, and 5 contained very few burials, 
the entire collection was lumped together as a single group in order 
to fonn as large a sample as possible. 
TABLE 1 
D ISTRI BUT I ON OF S KELETONS AMONG HOUSE AREAS 
B uri a 1 
No . Se x 
House No . l 
1 M 
2 M 
3 F 
4 M 
5 M 
6 M 
7 M 
8 F 
9 M 
1 0  F 
43  F 
44 F 
45 M 
46 M 
47 M 
48 F 
49 SA* 
50 F 
5 1  F 
52 M 
58  M 
59 M 
60 M 
6 1  M 
62  M 
6 3  M 
64 F 
65  F 
66 M 
Ho us e  No . 2 
M 
1 2  SA* 
1 3  F 
1 4  M 
1 5  F 
1 6  SA* 
1 7  M 
1 8  SA* 
1 9  F 
20 M 
2 1  SA* 
2� F 
*Subad-u1t-unsexed 
. :  , .. . B'l "  SEX .. AND . T IME PE R I OD� . . .  
1 ,  
Ti me 
Pe ri od 
Late 
Late 
l n determi nate 
l n de tenni n ate 
I ndete rmi n ate 
Late 
Early  
Mi dd l e  
Mi dd l e  
Mi dd l e  
Ear ly  
Ea rl y  
E a rl y  
E a rl y  
Ea rl y 
E a rl y  
Ea rl y  
l n determi n ate 
Ea rly 
Mi ddl e 
Mi dd l e  
I n dete rmi nate 
Late 
Late 
L ate 
Late 
L ate 
Earl y 
E a rl y  
Earl y 
Early 
Mi ddl e 
E arly 
Late 
Earl y  
I n dete rmi n ate 
I n dete rmi n ate 
Mi ddl e 
Ea rl y 
Mi ddl e 
Ea.rly 
B uri al 
No . Se x 
House No . 2 { cont .t 
23 sA 
24  F 
25 SA* 
26 M 
2 7  SA* 
28 M 
29 SA* 
30 M 
3 1 a F 
31 b SA* 
32 F 
33  SA* 
34 SA* 
35 F 
36 F 
37  SA* 
38 SA* 
39 F 
40 F 
4 1 a F 
4 1 b  SA* 
5 3  SA* 
54 SA* 
55 SA* 
56 SA* 
6 7  F 
House No . 3 
42 F 
68  F 
69 SA* 
House  No . 4 
57 SA* 
70 M 
H o use No . 5 
71 F 
72 F 
73 F 
1 9  
T i me 
Pe ri od 
Early  
Early 
E a rl y  
Early 
Ea rly  
Late 
l n de te rmi nate 
Late 
Mi ddl e 
Mi ddl e 
Earl y  
Early 
Earl y 
E a rl y  
Early  
Earl y 
Late 
Late 
Mi ddl e 
Mi ddl e 
Mi ddl e 
I nde te rmi na  te 
Earl y  
Earl y  
Ea rl y 
Late 
Late 
Late 
L ate 
Late 
I n de te rmi nate 
L ate 
Mi ddl e 
Earl y  
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Comparative Caddoan Material 
Small sample size, poor docur.entation, and the fragmentary nature 
of much of the Caddoan skeletal material made it very difficult to 
find suitable material for comparative purposes. The study by 
Maples (1962) involving 49 skeletons from the T. M. Sanders site 
(Gibson Aspect, 1200-1400 A. D. ) and 81 skeletons from seven Fulton 
�spect sites (1500-1700 A. D. ) offered the largest sample comparison. 
However, due to the fragmentary nature of the remains there was often 
only one cranium complete enough on which to take a particu l ar measure­
ment. [Maples reported that the Gibson Aspect material was in 
better condition than that from the Fulton Aspect sites (Maples 
1962 : 7) . ]  
The seven Fulton Aspect sites--Womack Fann site in Lamar County, 
Hunt Farm in Cas s County, Farrer Site in Titus County, Jim Allen site 
in Cherokee County, and the Hatchell, Moore, and P. Mitchell sites 
in Bowie County--had all been lumped together by Maples into one 
sample based upon visual obs ervation; no statistical tests were done 
to establish the homogeneity or heterogeneity of this sample . 
The more recent study of the burials from t he Coope r Lake area 
by �vestbury (1978) involved a small sample of 22 skeletons from five 
sites--Arnold, Cox, Thomas, Tick, and Manton Miller. The sites were 
located along the South Sulphur and Middle Sulphur River drainages 
in Delta and Hopkins Counties in northeastern Texas.  The skeletal 
remains were dated to approximately a seven hundred year period and 
included the Gibson Aspect (1200 to 1400 A. O. ) . All of the material 
was treated as a sample from a single population. No grave goods were 
recovered with any of the burials. Unfortunately, as with the 
Maples study, there were a g reat deal of missing data so that the 
sample size for many measurements was much below 22. 
However, these two studies provided the opportunity for some 
comparisons to be made between different Caddo groups. 
Comparative Material from Other Members of 
the Caddoan LinguisticFamily 
-
Skeletal material from the Saint Helena phase in Nebraska was 
used as a representative of a probable. proto-Arikara group. Bass 
(1964) used a combined sample from eight sites to first explore the 
relationship of crania from the Central Plains Tradition sites to 
those of the later Arikara in South Dakota. He concluded that no 
close relationship existed between the Central Plains crania and 
later Pawnee and Arikara crania. However, Jantz (1977) and Jantz 
2 1  
et al. (1978) showed that crania from two Saint Helena phase sites, 
25DK9 and 25 DK13, were very similar to the Arikara from the Mobridge 
area. The Saint Helena people 1 ived in extreme northeastern Nebraska 
near the South Dakota and Iowa borders between 1400 and 1500 A. O. 
( Krause 1969 ) .  The measurerrents used in this study were taken by 
Bass and Jantz both of whom kindly loaned their data. Data from four 
sites were combined to fonn a sample consisting of 21  males and 13 
females. 
Skeletal material from two Arikara sites, Rygh and Mobridge , 
constituted the comparative material from the northern Plains during 
the 1600-1650 A. O. period. Exploratory excavations were carried out 
by Strong in 1932 at Rygh, and between 1959 and 1 963 Bowers conducted 
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more extensive excavations there . I n  1965 the University of Kansas 
field party excavated in the cemetery area west of the village 
(Jantz 1970). Measurements used in this study were from crania 
obtained from both the Bower ' s  and University of Kansas excavations . 
Also included were a few crania which were obtained from amateurs . 
The Mobridge cemetery was originally excavated by M. W. Stirling 
who recovered 40 skeletons from 11 graves. In 1968 and 1969 the 
University of Kansas field crew under the direction of Dr. William M .  
Bass conducted further excavations at  the cemetery (Jantz 1970) .  
The skeletal samples from the two Arikara sites were pooled for 
use in this study since both sites dated to approximately the same 
time period, and they are located close to one another . This 
permitted use �f a larger sample size. There were 32 males and 34 
females in this combined population. All measurements on the · 
skeletal mater.ial from both sites were taken by either Bass or 
Jantz, both of whom graciously consented to loan their data . 
Fifteen cranial measurements were available for both the Saint 
Helena and Arikara samples ; these, therefore, dictated which 
measurements coul d be used for comparati ve purposes. 
CHAPTER 3 
ANALYTICAL METHODS 
Sexing , Aging, and Stature Estimation 
Analysis of an archaeological population requires correct 
detenninatfon of the sex and age of i ndividual skeletons. I n  general , 
the methods available produce dependable results although there are 
some problems. 
The major problem in the determi nati on of sex from skeletal 
materi al i s  the difficulty of sexing subadults. Many of the 
techni ques employed to sex subadult bones depend on roentgenograms 
taken during life (Reynolds 1945 , 1947; Imri e and Wyburn 1958) , and 
these techniques have not provided sui table results when applied to 
dry bones . The analysi s of mandibular tooth development (Bai lit and 
Hunt 1964) and of correlated bone and tooth ages  ( Hunt and Glei ser 
1955) have also achi eved only limi ted success when used on 
archaeol ogi cal specimens . It i s  possible to sex subadults usi ng 
multivariate discriminate analysis based upon measurements taken on 
the permanent dentiti on. The reliabil ity of this approach was shown 
by Di tch and Rose (1972). It was not used in thi s study , however , 
due to the problems posed by the extreme dental attrition noted in 
many of the skeletons. Therefore , subadult materi al was not sexed. 
Many cri teria for assessi ng the sex of an adul t skeleton have 
been published. Several of these were used in thi s anal ysis i n  order 
to obtain rel iable results. 
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In general , pelvic morphology has proven to be the most reliable 
indicator of �ex (Bass 1971; Krogman 1962; Phenice 1969; Washburn 
1948; Kelley 1978; Coleman 1969; Stewart 1979a). The presence of 
"scars of parturition" was suggested by Stewart (1957 , 1970) to be a 
result of the childbirth process. Pits on the dorsal surface of 
the pubic bone do seem to be a female characteristic; however, ,  the 
extent to which they are associated wi:th · ·the childbirth process is 
still open to debate. Holt (1978) provided evidence against a strong 
association between pits and parity while Kelley (1979) found that 
pitting rarely occurs in nulliparous females. Suchey et al. (1979) 
found a statistical association between the number of full term 
pregnancies and th e degree of dorsal pitting ,  but the correlation was 
not strong. Several nulliparous females were reported to have 
"medium to 1 arge" pi ts . 
Cranial morphology is also useful for adult sex determination 
(Bass 1971; Krogman 1 962; Stewart 1979a; Keen 1950). These methods 
were used in detennining sex in this study. 
Differences in long bones are also important in sexing skeletal · 
material. Such indications as diameter of the femoral head ( Dwigh t 
1905 , Bass 1971; Krogman 1962; Thieme and Schull 1957) and 
circumference of the femoral shaft ( Black 1978) were recorded and 
utilized. 
Aging a skeletal population also provides its own particular 
problems; however , in the case of aging it is the individuals over 
40, rather than the young , who are most difficult to characterize. 
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Because of th e difficulty of precisely aging skeletons, five-year age 
intervals were used. 
Three methods were used to estimate the chronological age of 
immature skeletons. Th ese were : (a) tooth eruption (U belaker . 
1978; Hunne 1948 :  Kronfeld 1954; Schour and Massler 1941, 1944 ) ,  
(b) epiphyseal closure (Johnston 1961; McKern and Stewart 1957; 
McKern 1970; Krogman 1962), and (c) length of long bones without 
epiphyses (Johnston 1962; Mare sh 1955; Merchant and U belaker 1977). 
One additional method was used to age very young skeletons--those 
under five. Weaver ' s  (1979) aging criteria, based upon the formation 
of the tympanic ring, was used w hen possible. 
Determination of adult ages of the Kaufman-Williams population 
was based on several criteria; the metamorphosis of the pubic 
symphysis (McKern and Stewart 1957; Gilbert and McKern 1973; 
Gilbert 1973; Todd 1920; Hanihara and Suzuki 1978) was the most 
important factor considered for adult age detennination. However, 
this method becomes less valuable at increasing ages--i. e. ,  over 40. 
Stewart (1957) cautioned that distortion of the pubic symphyseal 
surface in females due to pregnancy may affect age detennination. 
The degree of epiphyseal closure (McKern and Stewart 1957; 
McKern 1957, 1970; Stevenson 1924) was used to age young adults. 
The other aging criteria are much less reliable; hence 
they were used only for general age assessment. These methods are 
(a) development of vertebral osteoarthritis (Stewart 1958) ; (b) dental 
attrition (Miles 1963; Brothwell 1965), (c) ossification of rib 
cartilage at the costochondral junction (Kerley 1970), and (d) closure 
of endocranial and ectocranial skul l sutures (Krogman 1962 ; 
McKern and Stewart 1957; Kerley 19 70; Todd and Lyon 1924) . Al l ison 
and Gersten (1977) have cautioned that defonnation compl icates the 
rate of suture cl osure. 
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The estimation of l i ving stature from the length of l ong bones 
has been attempted by several authors (Trotter and G leser 1952 , 1958 ; 
Duperti us and Hadden 1951; Trotter 1970; Genoves 1967) . These 
studies were al l deve l oped using cadaveral measurements or speci mens 
whose stature was known during l ife. Neumann and Wal dman (1968) , 
on the other hand , attempted to devel op formul ae based upon grave 
length. Unfortunatel y ,  they did not present data on the l ong bone 
lengths of their sampl e; therefore , no compari sons of the measure­
ments can be made with other popul ati ans. Furthermore , it has not 
been determined how grave length relates to l iving stature . The 
formul ae given by Trotter and G l eser (1952 , 1958) for White ·females 
and Mongol oid males and bj Neumann and Waldman (1968) for American 
Indians were used in this study. 
As a measure of sexual dimorph i sm in l ong bone length , the left 
femur length was compared . Mean femur lengths were cal culated by 
sex and popul ation . .  Using the formula 
\.ales - Xfema]es 
X lOO 
�ales 
the sexual dimorphism was cal cul ated as a percent of the male  mean. 
Paleopathological Analysis 
Determination of the health status of a prehistoric population 
in which there has been no preservation of soft tissues is limited 
to observations based upon changes which occurred in the skeletons 
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as a result of disease, trauma, malnutrition or age. The pathol_ogies 
which may be observed give some indication of the stresses under 
which the population lived . In this study the pathologies were 
analyzed and considered on an individual basis as well as in relation 
to the  whole population . 
Observation of Harris or . transverse lines in the long bones has 
been heralded as a potentially. useful indicator of health conditions 
in prehistoric populations (Wells 1967 ; McHenry and Schulz 1976 ) .  
The long bones of all sub-adults in the numbered group between 
Burial l and Burial 57 were x-rayed using the Duocan l x-ray 
machine in the Speech and Hearing Sciences Department, The University 
of Tennessee, Knoxvi lle, Tennessee. Films were developed by Student 
Services, The University of Tennessee, Knoxville, Tennessee . 
Metrical Data 
All measurements taken were recorded on data sheets taken from 
Bass (1964, n. d. ) (see Table 2 ) . The instruments which were used to 
measure the skeletal material are described in Table 3. Thirty 
cranial measurerrents, following Bass (19 64) , were taken on the 
Kaufman-Williams crania. The landmarks· from which the measurements 
were taken correspond to those defined by Bass (1971)_. The measure­
ments are briefly described in Table 4, and the instrument used in 
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TABLE 2 
MEASUREMENT SHEET USE D TO RECORD DATA 
Craniometric Measurements  Wi l liam Bass  p A 
Site :  ________ _ Field No : _____ _ 
Site  No : _______ _ Cul ture : -------
S tate :  ________ _ Period : ______ _ 
Material Housed : ___ _ No : ________ _ 
S ex :__ Age : ___ _ 
Max. lgt . . . .  _ 
Max. br . • . . .  
Ba,ion-br • . .  :_-_:-_-_-_ 
Encoba-nas . .  ___ _ 
Endoba-Alv. p ___ _ 
Endob-gn . . • .  ___ _ 
Min front br ---
Bizygomatic . __ _ 
Na-alv . p t • . .  __ _ 
NO!-gnathion . __ _ 
Ext . alv. lgt . __ _ 
Ext . �lv. br .  __ _ 
Nasal ht . . . .  ----
Nasal br . . . •  ___ _ 
L orbital ht ___ _ 
L orbi tal br __ _ 
Biorbi tal br __ _ 
Ba-po h t  . . . .  ___ _ 
Nasal root h" ___ _ 
Nasal bone h ___ _ 
Nas bridge h __ _ 
Min. na . br . __ _ 
Ba-ala . . . . . .  ___ _ 
Ba-medial . . •  __ _ 
Ba- latera l . . ---
Po-up�er-o�b . . . .  __ _ 
Po-lower-orb . . . .  __ _ 
Auricular ht . . .  . 
Porion-nasiun • . .  
---
Porion-subnasale  
__ _ 
Porion•proa thion 
__ 
_ 
Porion-gnathion === 
MANDIBLE 
Symphysis ht . . . • __ _ 
Diam_ bigonial . , , 
Diam. bicondylar .==: 
Ht . ascen , ramus , ,  
Corpal lgt so-ng==: 
INDICES 
Cranial index . . •  
Cranial Module  . .  --­
Mean h t .  index . .  --­
Length ht . index-. -­
Breadth ht . index -
Fronto•parieta l .  
Upper face ind • .  ---
Totat face ind • •  
Nasal !ndex . . . . .  --­
Or bital Index • . •  --­
Palatal Index . . •  --­
Flatness Crabase 
Date : ______ _ 
Observer : 
Recorder : 
____ _ 
Dug by : _____ _ 
OBSERVATIONS R L 
Supra-orbital __ yes _ ____ _ 
for amen _no ....... tc_h
-+-
---+---
mul ti� le 
Suture into 
infra . orb for . 
no 
ves 
no I 
wide H Sutures in 
Pterion 
Reg ion 
nat'r�., H 
K l  
X 
Frontal to temoora 
Temnora to fronta l 
Eoioteric bone 
Su tural 
Bones 
Dehiscences 
Ty,npanic 
Element 
Sub-orbital  
Fossa 
Coronal 
Bre11:ma 
Inca 
Worm.ian 
None 
smal l  
medium 
large 
none 
s hal low 
medium 
deet> 
Infra-maxi : l .  _n_o_n_e _____ _.., __ _ 
TEETH '.JEAR : Notch _s_ha_l_lo_v ______ _ 
R L -- mediut11 
H3 M2 Ml PM2 PMl C LI I CI CI tr C ?Ml �.2 Ml I M2 I M3 daet1 i 
-�,--+--+---t--+--+
-=
--__,;.-+-;;.....+,;;�.,._.;;-+-;...;_;;........;..;;.;;;.. I I 
----�---+---
A :.Abcesa 
A- :Abcesa missing 
C : Carious 
: Missing (AM) 
:Missing (PM) 
: Tooth pres . 
good condi t .  
# : Bone missing 
T : Tarter 
PATHOLOGY : 
NOTES : 
ARCHA.EOLOCICAL DATA 
Burial type : ______ _ 
Burial  pos i tion : ____ _ 
Head dir : ________ _ 
Artifacts assoc : ____ _ 
Depth from surface : ___ _ 
l I 
Mylo-hyoid 
Brid.ze 
Parietal nocch 
Bone 
Ear Exos ­
toses 
yes 
no 
Ye'l 
no 
medium 
ot'onounced 
Parie tal ..._ v,es--+------!---
Fot'amen no 
Meto9ic sut .  Pharangea l fossa 
yes no ves no 
DEFOR..."'.AT!ON : Occipita l R L 
Lat:1bdoid 
Fronto - occipital 
TABLE 2 ( continued) · 
W i l l i am Ba s s  
Me n s u rme n t 3  on P l a i n s  Ind i ans 
p A 
Po s t  Cran i a l  She e t  __ 
S i t e :  
S i te �N_o_: 
______ 
_ 
Sta te :
...,.�-----­Ma ter i al Hou3�d :_ 
Sex 1 
HUMEP.US 
----
M�x . mo rph . l eng th • • • • • •  
Max , Dl �m .  M i d  Sh a f t • • • • 
M i n .  " 11 " 
C l r cum ferenee " • • • •  
��x .  D i am .  o f  H e a d  • • • • • •  
Hume r c - fem o ra l  i n d e x  • • • •  
! n d e x  o f  Robu� l i c i ty • • • •  
Sep ta l ape r ture s :  none 
P in  po i n t  
• sma 1 1  
Me d i  um 
La rgP­
Mu l t i p l e 
F i e l d  N o 1  
Cu l tu re : --
-
---
-
-
Date : 
Ob s e r_v_e r_i 
______ 
_ 
Pe r i od :  Reco rde r :  
No : 
--------- Dug by t -------
Age�--�c---- Symphysea l Component : ___ ( 
__ 
r.��
u
r.ng th . . . . . . . . . . . . . . R I 
___ -
$ 
Hume ro-rad f a l  i n d ex • • • • • •  --:_,. _
__ 
_ 
Pa th o l ogy 
---
NA 
x .  l eng th • • .• • • • • • • • • • • •  
tho  l ogy _____________ _ 
SCAPULA 
Max Tin"wii  he i gh t  • • • • • • • • • • •  
Max imum b r ead th • • • • • • • • • •  
Scapul a i ndex  • • • • • • • • • • • •  
Ve r t ebra l bo rde r conve x .  
?� th o l o gy ____________ _ 
s t ra i gh t .  
concave . 
CLAV I CLE 
Maximum l eng th • • • • • • • • • •  
C l a v i cu 1 o -hum e ra l  ind e x . 
Pa th o l ogy 
:F�MUR 
r.�ax . me :-ph . t eng th • • • .• • • 
P�ys i o l og i ca l  l eng th • • • •  
Ant -po s t  D l am m i d  sha ft . 
0
!"ra., sve r- 3 e " 11 11 • 
C 1  r cu.rn fance " 11 
Sub troch . t ransve r s e • • • •  
" an t -pos t e r i o r .  
Max . D i am o f  He ad • • • • • • •  
P i l a s t r 1 c I ndex • • • • • • • • •  
iAe r i c l n d e x  • • • • • • • • • • • • •  
lndex o f  Robus t i c i ty • • • •  
Pa th o l ogy _____________ _ 
T!BIA 
�morph . l eng th , • • • • •  
?hys i o l og i ca l  l eng th • • • •  
An t-po s t . D i am nu t . foram .  
Tran s . " " " • 
C J �cum fance m i d  sha ft • • •  
T i b i a- femo r a l Index  • • . . •  
Cnem i c I n dex  • • • • • • • • • • • •  
! n dcx  o r  Robu s t i c i ty • • • •  
Pa tho l ogy _____________ _ 
Scapu l a No tch absen t .  
l NNOJlNATE 
3 1 1 gh t .  
me d 1 u.11 . 
d e ep . 
ro ramen . 
!S<.h . tub . - 1  l l ac c r e s t  • • •  
AS P-PSP . . . . . . • . , . • . . . . . . •  
I n d e x  . . . . . . . . . . . . .. . . . . . , .  
SAi.RUM 
Ma ximum l eng th • • • • • • • • • • •  
Max imum b r e ad th • • • • • • • •  , ,  
No . o f  s e gmen t s : ____ _ 
PELVI S  
I n  l e t an t-p o s t  • • •  , • • • • • •  , 
tt transve rse  • • • •  , • • • •  
Pe l v i c l ndex  • • • • • • • •  , • • • • 
F I BULA 
----
Maximum 1 enn th . , • • • • , • • •  , 
Pa th o l ogy __ �___________ _ 
VERTEBRA 
A r thr i tl , 1 ____________ _ 
Pa th o l ogy : ____________ _ 
R I BS 
Notes : ______________ _ 
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TABLE 3 
I NSTRUMENTS USED IN TAK ING SKELETAL MEASUREMENTS 
Instrument 
I. Hinge cal iper 
A GPM (Gneupel )  standard hinge caliper was 
empl oyed to measure osteological points 
which were difficul t to ascertain using a 
straight l ine measuring device. 
I I .  S liding cal iper 
A GPM sl iding cal iper was used to measure 
points which were fairl y cl ose together and 
wh_i ch suffered no interference from skel eta 1 
contours. 
I I I .  Coordinate caliper 
A GPM standard coordinate cal iper was used 
to measure the distance between two points 
whil e the coordinate attachment measured the 
el evation of a third point above these two. 
I V. Western Reserve model head spanner 
A GPM Western Reserve model head spanner is 
designed to measure points al ong the mid­
sagittal pl ane with reference to porion and 
was used in this study to determine auricul ar 
height and other measurements relating to 
facial profile. 
V. Osteometric board 
An osteometric board was used for the majority 
of the post-cranial measurements. 
V I . Metric tape 
A metric tape was used to obtain l ong bone 
shaft circumferences. 
Abbreviation 
HC 
SC 
cc 
WRHS 
OB 
MT 
1 .  
2. 
3. 
4 .  
TABLE 4 
CRANIAL MEASUREMENTS AND INDICES 
Measurement 
Maximum length 
The greatest length in the median sagittal plane 
from glabella to opistocranion was measured 
(Bass 1971 :62) . 
Maxi mum breadth 
The maximum cranial breadth perpendicular to the 
median sagittal plane (above the supennastoid 
crest) was measured (Bass '1971 : 62) . 
Basion-bregma height 
The ·distance from the lowest point on the 
anterior edge of the foramen magnum (basion) 
to bregma was measured. If bregma was depressed , 
the reading was taken from the surface and. not 
in the depression (Bass 1971 :62) . 
Endobasion-nasion 
The distance from the most posterior point of 
the anterior border of the foramen magnum 
(endobasion) to nasion was measured (Hrdlicka 
1952 : 144) . 
5. Endobasion-alveolar point 
The distance between endobasion and alveolare 
(the apex of the septum between the upper 
central incisors) was measured (Hrdlicka 1952 :144) . 
6. Endobasion-gnathion 
The distance between endobasion and the lowest 
median point on the lower border of the 
mandible was �asured (Wilder 1920 :54) . 
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Instrument 
HC 
HC 
HC 
HC 
HC 
HC or SC 
TABLE 4 (continued) 
Measurement 
7. Minimum frontal breadth 
The minimum breadth between the two temporal 
ridges (frontotemporal e to frontotemporale ) was 
measured (Bass 1 9 71 : 6 7 ;  Hrdlicka 1 952 : 1 42 ) . 
8. Bizygomatic diameter 
The maximum breadth across the zygomatic arches 
perpendicular to the medi an plane (zygion to 
zygion) was measured . (Bass 1 9 71 : 6 7 ; Hrdlicka 
1 952 : 1 43) . 
9. Nasion-alveolar point 
The distance from the point where the two nasal 
bones and the frontal bone come together to 
alveolar point was measured (Bass 1 9 71 : 6 7; 
Hrdlicka 1 952 : 1 43 ) .  
1 0. Nasion-gnathion 
The distance from nasion to gnathion was 
measured. No estimation was made of what this 
height might have been had there been no tooth 
wear (Hrdlicka 1 9 52 : 1 4 3; Bass 1 9 71 : 6 7 ) . 
1 1 .  Extern a 1 a 1 veo 1 a r 1 ength 
The anterior-posterior diameter, in the 
mi dline, from alveolar point to the midpoint 
of a line connecting the posterior limits of 
the arch was measured. A wooden rod was used 
to mark the posterior limit of the arch (Bass 
1 9 71 : 70; Hrdlicka 1 95 2 : 1 46 ) . 
1 2. External alveolar breadth 
The maximum breadth of the greatest b.ulge of 
the process above the molar teeth--usually 
opposite the second molars-�was measured 
(Bass 1 9 71 : 70 ;  Hrdlicka 1 952 : 1 47 ) . 
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Instrument 
SC 
SC 
SC 
SC 
HC or SC 
SC 
1 3 . 
14. 
1 5 .  
16. 
TABLE 4 (continued ) 
Measurement 
Nas a 1 heigh� 
The height from nasion to midpoint of line connecting 
lowest parts of the borders of the 2 nasal notches 
was measured (Bass 1971 : 68;  Hrdlicka 1952 :146) . 
Nasa 1 breadth 
The maximum breadth of the nasal aperature 
taken inferior to the inferior nasal concha 
was measured (Bass 1971 : 68 ;  Hrdlicka 1952 : 146) . 
Left orbital height 
The maximum height from the upper to the lower 
orbital borders perpendicular to the horizontal 
axis of the orbit with the middle of the 
inferior border as a fixed point was measured 
(Bass 1971 : 69 ;. Hrdlicka 1952 :145) ·. 
Left orbital breadth 
The distance from maxillofrontale to ectoconchion 
was measured. This is the maximum distance of 
the orbit from maxillofrontale to the middle of 
the lateral orbital border (Bass 1971 : 69; 
Hrdlicka 1952 : 145) . Maxillofrontale was 
located by extending the medial edge of the 
eye orbit with a pencil l ine until the line 
crossed the fronto-maxillary suture. 
17. Biorbital breadth 
The measurement was between the two ectoconchion 
(Morant 1927 : 418) . 
18. Basion-porion height 
The ends of the sliding caliper were placed on 
the. right and left porion. The coordinate 
attachment was moved until it was over basion, 
and basion-porion height was read from the 
calibrated bar when the tip of bar was placed 
on basion (Bass 1971 : 66). 
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Instrument 
SC 
SC 
SC 
SC 
SC 
cc 
TABLE 4 (continued) 
Measurement 
19. 1�asal root height 
The two ends of the caliper were placed on right 
and left ectoconchion. The coordinate attachment 
was 1roved until it was over nasion, and the 
height was read from the calibrated bar 
(Snow 1948 :  383) . 
20. Mini mum nasa 1 breadth 
The minimum breadth across nasal bones was 
measured (Morant 1927 : 418) . 
21. Auricular height 
The two horizontal pieces of the head spanner 
were placed in the ear openings (porion) . The 
attachment was placed on ti le left orbitale. 
Auricular height was read directly when the 
calibrated bar was placed at the apex (Bass 
1971 : 67) . 
22. Porion-nasion 
The two horizontal pieces were placed in the ear 
openings at porion. The calibrated bar was placed 
at nasion and the reading taken (Snodgrasse 
1951 : 448) .  
23. Porion-subnasa le 
The two horizontal pi eces were pl aced in the ear 
openings at porion. The calibrated bar was placed 
at subnasal e and the reading taken (Snodgrasse 
1951 : 4 48) . 
24. Porion-prosthion 
The two horizontal pieces were placed in the ear 
openings at porion. The calibrated bar was placed 
at prosthion and the reading taken (Snodgrasse 
1951 : 44 8) .  
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Instrument 
cc 
SC 
WRHS 
WRHS 
WRHS 
�-JRHS 
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TABLE 4 (continued) 
Measurement Instrument 
25. Porion-gnathion 
The two horizontal pieces were placed in the ear 
openings at porion. The calibrated bar was 
p 1 aced at gn a th ion and the read i n g taken 
. (Snodgrasse 1951 : 448). 
26. Syfl1)hysis height 
The height tn the midline from lowest point 
(gnathion) to the tip of bone between lower 
central incisors (infradentale) was measured 
(Bass 1971 : 72). 
27. Diameter bigonial 
The di. stance from gonion to gonion was measured. 
This was the maximum distance between the 
external surfaces of the genial angles (Bass 
19 71 : 72). 
'28. Diameter Bi condylar 
The maximum distance between the lateral surfaces 
of the condyles was measured (Bass 1971 : 72) . 
29. Height ascending ramus 
The distance from gonion to the uppermost part 
of the condyle was measured (Bass 1971 : 72). 
30. Carpal length-gonion to gnathion 
The distance from gonion to gnathion was 
measured {Wilder 1920 : 55 ) .  
1. Cranial index 
Indices (Bass 1964 : 81) 
max. breadth x ·-100' 
max. length 
WRHS 
SC 
SC 
SC 
SC 
SC 
2. Cranial 100dule 
1 ength + breadth + height 
3 
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TABLE 4 ( con t i nued) 
Measu remen t I n strume n t  
! � di ces ( Bas s 1964:81 ) ( Con ti n ued)  
3 .  Mean hei ght i n dex 
4. Len gth h ei gh t i n dex 
5 .  B readth · hei gh t i n dex 
6 . Fron to-pa ri e ta 1 i n de x 
7 .  Uppe r faci al  i n dex 
8 . To ta 1 fa c i a 1 i n de x 
9 .  N as a l  i ndex 
1 O • 0 rb i ta 1 i n de x 
1 1 . Ma xi l l a -a l veo l a r i n dex 
1 2 .  F l atness  cran i a l  b ase i n dex 
ba . - b r .  x 100 
mean o f  l e ngth + b readth 
ba . - b r .  x 1 00 
maxi mum l ength 
b a . - b r. x 100 
breadth 
mi n .  fron ta l b r .  x 1 00 
b readth 
nas i on-al v .  po i n t x 1 00 
b i  zygomati c -b r .  
nas i on-gnath i on x 1 00 
b i  zygoma ti c b r .  
nas a l  b rea dth x 100 
n as a  1 he i gh t 
orb i  ta 1 h ei ght  x 1 00 
o rb i tal b readth 
ext .  a l v .  b r .  x 1 00 
ext.  al v .  l en o th .., 
bas i on -pori on ht . x 100 
ba . - b r .  
taking each measurement is cited. Cranial indices (Bass 1964) were 
calculated and are also described in Table '4. Postcranial measure­
ments and indices are described in Table 5. 
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Metric analysis of the crania used in this study was considerably 
complicated by the Caddoan practice of intentional cranial deforma­
tion. During the initial analysis of the skeletal material visual 
observation of the amount of deformation noted was recorded into 
one of three categories : (a) none or sl_ight, (b) momerate, or 
(c) extreme. However, it was felt by the author that it woul d be 
desirable to somehow quantify these visual observations. 
Therefore, two ratios were devised to help ascertain how much 
the frontal and occipital bones were deformed. These were called 
the Frontal Defonnation Ratio (FDR) and the Occipital Defonnation 
Ratio (ODR) . The measurements from which the ratios were calculated 
were taken with the GPM Standard Coordinate Caliper. The two 
measurements used to compute the Frontal Defonnation Ratio were given 
the names Nasion-bregma chord (frontal chord) and Nasion-bregma 
subtense (frontal subtense) by Howells (1973). The measurements 
are described as follows : 
l. Nasion-bregma chord (frontal chord) 
The frontal chord is the direct distance from· nasion to bregma 
taken in the midplane and at the external surface. Care was taken 
not to permit the points of the caliper to rest in any possible 
depressions occurring in the suture lines . If necessary, the 
caliper point was displaced slightly to obtain a more accurate 
reading (Howells 1973 : 181) . 
1 .  
TAB LE 5 
POST CRAN IAL MEAS UREMENTS AND IN DI CES 
Meas ureme n t  
H ume rus 
a .  
b .  
c .  
Maxi mum 1 en gth 
Head was p l ace d  agai n s t  the fi xe d ve rti ca l o f  
th e  board .  The mo vab l e  upri gh t was adj usted  
to th e  di s ta l  en d .  Th e b one w a s  move d 
s l i gh tly  up and  down an d from s i de to s i de 
to obta i n the maxi mum l en gth ( Bas s 1 9 71 : 1 1 4 ) . 
Maxi mum di ame te r  mi d-sha ft 
The mi dpo i nt o f  th e shaft . was l ocated  on th e 
os teome tri c boa rd and ma rk ed w i th a pe n ci l • 
Me as urerrent was i n  an te ri o-me di a 1 d i  re c ti on 
( Bass  1 9 7 1 : 1 1 4 ) . 
Mi n i mum di amete r mi d-s h a ft 
The meas uremen t was taken a t  ri gh t ang l e  to 
the pre vi ous meas urement  ( Bas s 1 9 71 : 1 1 5 ) .  
d .  C i rcumfe ren ce 
The gi rth i n  th e mi ddl e o f  th e shaft was 
nE as ure d  ( S i n gh and Bhas i n  1 968 : 1 0 7 ) . 
e .  Maxi mum di ame ter  o f  th e h ead 
The me as urement  was taken from a poi nt on th e 
edge o f  the arti cul ar s urface o f  th e bone 
ac ross  to  the  oppos i te s i de ( Bass  1 9 7 1 : 1 1 5 ) .  
f .  H ume ro- femoral  i ndex 
J.ength of  h unE rus x 1 00 
len gth o f  femur ( W i l de r  1 920 : 1 46 ) . 
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Ins trume nt 
OB 
SC 
SC 
MT 
SC 
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TABLE 5 (continued) 
Measurement Instrument 
2. Clavicle 
a. Maximum length 
One end of the bone was placed against the 
stationary end of the board and the movable 
end of the board was brought into contact with 
the opposite end (Bass 1971: 103). 
b. Claviculo-humeral index (both bones must be 
from the same side) 
maximum length of clavicle x 100 
maximum length of humerus 
3. Femur 
a. Maximum length 
(Bass 1971 : 103) .  
The distal condyles were placed against the 
fixed vertical of the board and the moveable 
upright was placed against the head. The bone 
was raised slightly and moved up and down as well 
as from side to side until maximum length was 
obtained (Bass 1971:168). 
b. Physiological length 
Both condyles were pl aced against the fixed 
upright of the board and with the bone lying on 
the board the mov eable end was applied to the head 
(Bass 1971:168) . 
c. Anterior-posterior diameter mid-shaft 
The midpoint of shaft was marked with a pencil. 
The anterior-posterior diameter was measured 
(Bass 1971: 168). 
d. Transverse diameter mid-shaft 
The measurement was taken at right angles to the 
previous'. meas urenen t ( Bass 19 71 : 168) . 
OB 
OB 
OB 
SC 
SC 
TABLE 5 (conti nued ) 
Measurement 
3.  Femur (conti nued ) 
e .  C i rcumference 
The measurement was taken at the middle of the 
shaft ( Bass 1971:168 ) .  
f .  Maxi mum di ameter of head 
The peri phery of the arti cular surface of 
the head was measured (Bass 1971: 168) . 
g .  Pi lastri c i ndex 
100 x anteri or-pos te ri or di ameter 
trans verse di ameter 
(Oli ver 1969: 263) . 
h .  Robusti ci ty i ndex 
anteri or-posteri or + medi a-lateral di ameter of 
mi d-shaft x 100 
physiologi cal length 
(Bass 1971:170 ) . 
4 .  Ti b i a  
a .  Maxi mum morphologi cal length 
The end of the malleolus was placed aga inst the 
verti cal wall of osteometri c board . The bone was 
rest i ng on i ts dorsal surface wi th i ts long 
axis parallel to the long axi s of the board . 
The block was applied to the mos·t promi nent part . 
of the 1 atera 1 half of the 1 a tera 1 condyl e 
(Bass 1971:187 ; Trotter and Gleser 1952: 473) . 
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Instrument 
MT 
SC 
OB 
b .  Anteri or-poster ior di ameter nutrient foramen SC 
The maxi mum anter ior-posteri or di ameter-of shaft 
at the level of the nutrient foramen was 
measured (Bass 1971: 187) . 
TABLE 5 (continued) 
Measurement 
4 • Ti bi a ( con ti n ue d) 
c. Trans verse diameter nutrient foramen 
The maximum diameter at right angl es to the 
previous measurement was taken {Bass 1971 :187) . 
d. Circumference mig-shaft 
The maximum diameter at mid-shaft was measured 
(Hrd licka 1952 :170) . 
e. Tibia-femoral index 
l ength of tibia x 100 
1 ength of femur 
f. Platycnemic index 
(Wil der 1920 : 145) . 
transverse diameter nutrient foramina x 100 
anterior-posterior diameter nutrient foramina 
( Bass 1971 :187) . 
5. Radius 
a. Maximum l ength 
The maximum length from head to tip of styi oid 
process was measured (Bass 1971 :124) . 
b. Humero-radial index 
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Instrument 
SC 
MT 
OB 
maximum length of radius x 100 
maximum length of humerus (Bass 1971 : 115) . 
TABLE 5 (continued) 
Measurement 
6 .  U lna 
a .  Maximum l ength 
The maximum l ength from the top of the 
ol ecranon to the tip of the sty loid process 
was measured (Bass 1971 : 130) .  
7. Scapu la 
a. Maximum height 
The maximum straight line distance from the 
superior to the inferior border was rreasured 
(Bass 1971 : 94) . 
b. Maxi mum breadth 
The measurement was taken froin the midd l e  of 
the dorsal border of the gl enoid fossa to the 
end of the spinal axis on the vertebral border 
(Bass 1971 : 95) . 
c. Scapu la index 
maximum breadth x 100 
maxi mum 1 ength' 
8. Innomi nate 
(Bass 1971 : 95) . 
a. Ischial tuberosity-il iac crest 
The ischial tuberosity was p l aced against the 
fixed vertical of the board and the moveabl e  
upright was pl aced against the il iac crest 
(Bass 19 71 : 15 3) . 
b .  Maximum breadth (ASP-PSP) 
The distance between the anterior-superior 
il iac spine and the po�terior-superior i l iac 
spine was measured (Bass 1971 :153) . 
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Instrument 
OB 
SC 
SC 
OB 
OB 
Measurement 
9. Sacrum 
a. Maximum length 
TABLE 5 (continued) 
The distance from the middle of the sacral 
promontory to the middle of the anterior­
inferior border of the last sacral vertebra 
was measured . Only sacra with 5 segrrents were 
used for comparative purposes ( Bass 1971 : 88) . 
b. Maximum breadth 
The greatest distance between the wings of 
the first sacral .vertebra was measured 
(Bass 19 71 : 88) . 
10. Fibula 
a. Maximum length 
The maximum distance between the proximal and 
distal extremities was measured (Bass 1971 : 
187) . 
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Instrument 
SC 
SC 
OB 
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2. Nasion-bregma subtense (frontal subtense) 
The frontal subtense is the maximum reading taken from the 
coordinate arm of the GMP standard coordinate caliper when the 
points of the caliper are placed on nasion and bregma. The measure­
ment was taken with the caliper in the midline position for the 
nasion-bregma chord. The coordinate arm was positioned at the 
highest point along the curve of the frontal bone in the s�gittal 
plane (Howells 1973 : 181) . 
-These two measurements formed the Frontal Deformation Ratio : 
F DR = Nasi?n-bregma subtense 100 Nas,on-bregma chord x 
Howells (1978) used what is called the FR I  (Frontal Index) to 
determine the amount of frontal flattening occurring in populations 
world wide. Although the F DR and FRI  are identical, the author was 
not aware that the FRI  was a standard cranial index until it was too 
l�te to make the appropriate changes in this manuscript. 
The measurements used to compute the Occipital Deformation Ratio 
are similar to Howells ' (1973 : 182) Lambda-opisthion chord (Occipital 
chord) and Lambda-opisthion subtense (Occipital subtense) . However, 
they differ in two respect�. First , Howells used opisthion in his 
measurement; basion (the anterior border of the foramen magnum) was 
used in this study. Second, many of the skulls used in this study 
have very complicated lambdoidal suture lines. often interlaced with 
numerous wonnian bones. (Bennett [1965 ] and Dorsey [1897 ] also 
noted that wormian bones occurred in high frequency in artificially 
defonned skulls , and they suggested that they are probably the result 
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of stress. ) It was often very difficul t to detennine from which 
point the occipital bone shoul d  be measured. Therefore , Howel ls ' 
( 197 3) measurement from l ambda was not used. Rather, the 
circumferentia l distance in the sagitta l pl ane from bregma to 
�asion through lambda was measured using the Metric Tape , and the 
point ha l fway between these two landmarks was marked on the skul l. 
This was taken as the uppermost boundary of the occipital bone 
irrespective of the suture l ine and/or wormian bones. On those 
skul ls  with uncomp l icated suture lines the point marked was usual l y  
within a few mi l limeters of l ambda . One end of the Coordinate 
Cal iper was pl aced at this point ; the other point was pl aced at 
basion. The coordinate arm of the instrument was positioned to obtain 
the maximum reading at the highest point rather than the reading 
obtained at the midpoint. The · Occipita l Defonnation Ratio (ODR )  
was obtained by dividing the coordinate arm reading by the chord 
length and mu l tipl ying by 100. 
Statistical Methods : Metrical Data 
For later statistical comparisons both the ma le and fema l e  skul l s  
were grouped according to deformation simi l arities based on the two 
defonnation ratios defined above. Sneath and Soka l (1973) discussed 
severa l cl ustering methods that wou ld  have been appropriate for this 
procedure; however , the Fuzzy Isodata a lgorithm deve l oped by Dunn 
(197 4) and Bezdek (1973) was chosen for two reasons. First, a 
Tektronix 4051 computer bel onging to the Mathematics Department , 
Utah State University, Logan, Utah , was avail abl e and � l ready 
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programrred for this algorithm. In addition, one of the co-developers 
of the program, J. C. Bezdek, was available for consultation. 
A second reason for using this clustering method was that it 
uses 1 1 fuzzy11 membership functions rather than assigning a skull a 
1 10 1 1  for 11 not belonging" and a 11 1 1 1  for 11 belongi.ng 1 1  to a. given cluster. 
The advantage of this is simply that it helps identify the fringe 
elerrents of the cluster for closer scrutiny . Although these fuzzy­
strength-of-membership numbers were not used in this study it was 
hoped that they would prove useful later when statistical tests 
are available which take them into account. The algorithm allows 
the user to specify the number of clusters desired and uses an 
iterative procedure to arrive at cluster centers and membership 
functions based upon Euclidean distances. The details together with 
an application to botanical data have been published by Bezdek (1974) .  
Using the two deformation ratios as variables, the skulls were 
initially clustered into two, three, f�ur, and five groups for each 
sex, but with .the higher number of clusters there were some groups 
which contai'ned as few as two skulls. The three cluster grouping 
proved compatibl e  with the visual classification of 1 1 slight, 11 
"moderate, " and 1 1 extrerre 1 1  deformation. Nevertheless, small cluster 
sizes made it necessary to base further statistical analyses upon the 
two clus ter arrangement hereafter called "moderate" and "extreme. 11 
With two such clusters for each sex, a t-test was used to help 
decide which crani a 1 mean measurements varied s i gni fi cantly between 
the two groups. This analysis gave useful information which 
helped in decidi ng whi'ch craniofacial measurements were affected by 
deformation . The cl uster means and the t-test were carried out on 
the Bur roughs 86700 computer at Utah State University, L.ogan, Utah . 
The resul ts are summarized in Tabl e 25 of Chapter 6. 
To further test for measurements affected by deformation a 
Pearson Correl ation Coefficient ( Nie et al . 1975) was ca l cul ated 
between each cranial measurement and the two defonnation ratios. 
This corre lation test was independent of the cl uster anal ysis; 
that is, the cl usters were not factors used in this procedure. 
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Those crania l variab les which correl ated high ly with the deformation 
ratios were suspected of being affected by deformation. Table  26 of 
Chapter 6 contains these correl ation coefficients. 
The third test which was used to determine which measurements 
were affected by deformation was Mu ltiple Li near Regression (Nie 
et al . 1975) of each of the 15 measurements on the independent 
variables FDR and ODR. This test provided an estimate of the 
percent of variation in a craniofacia l measurement that was due 
to the two defonnation ratios. The regression program printed this 
approximate percentage as R2 and al so provided an F val ue which 
al lowed a test for the significance of R2 ; the resul ts of this 
program are shown in Table  27 in Chapter 6. 
A number of mul tivariate tests have been applied to anthropol og­
ical data in order to quantify the morpho logical divergence among 
groups. These include Pearson ' s  Coefficient of Racial Li.keness 
(Pearson 1926) , Penrose ' s  Si ze and Shape statistic (C�) (Penrose 
1954) , and Mahal anobis I s o2 (Mahal anobis 1936) . Hiernaux ( 1964) 
demonstrated that there is cl ose agreement in the resu lts obtained 
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in u sing o2 and Penrose ' s  Si ze and Shape; both method s have advantage s 
in certain situations .  In this study Penro se 1 s Size and Shape 
statistic (Penro se 1954) was u sed becau se it requires only sample 
mean s  and standard deviation s .  Thi s allowed compari son among group s  
for which the raw measurements were unavailable . 
In order to calculate the Penrose statistic, common standard 
deviation s for each character had to be determine�; the mean 
measurements were then expres sed in terms of these standard 
deviation units (Penro se 1954 : 337) . Ideally these common standard 
deviations would be calculated for each character over an extensive 
collection of crania related to those in thi s study . Practicall y, 
however, these deviations had to be e stimated . The common s tandard 
deviation s u sed for seven meas urements in thi s study are presented 
in Table 28 of Chapter 6 .  These were calculated a s  the weighted 
averages of the sample variances  from two samples--the Arikara and 
the Kaufman-Williams site--using the formula found in Nie et al . 
(1975 : 269) . 
The Size and Shape coefficient was derived from Pearson 1 s 
earlier Coefficient of Racial Likenes s  (Pear son 1926) by Penro se 
(1954) who called it C� . He broke it into two part s called the 
size and shape components although there is  evidence that the shape 
component is not as good a measure of similarity in proportion s  a s  
the name might imply (Sneath and Sokal 197 3). 
Th 1 t . 1 . D2 d th P S . e c ose agreemen , n  resu ts u s i ng an e enro se 1 ze 
and Shape Coefficient can be demon strated if a hypothetical 
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intercorrelation value R is assumed between all pairs of the 
involved . characters (Penrose 1954). The fonnulas for calculating 
the Penrose Size and Shape statistic using this hypothetical 
constant R are found in Rahman (1962). The average value of 0.233 
for R recommended by Penrose (1954) was used in �his study. All 
calculations of the Penrose Size and Shape coefficient were done on 
the Burroughs 86700 computer located at Utah State University, Logan, 
Utah. 
Howells (1973) stressed the importance of making the correct 
choice of variables to be used in any distance test. Preferably, 
they are measurements which reflect biological diversity in both 
size and shape, and they should not be high}y correlated (R.ightmire 
1969 ).  The number of variables chosen is also important. Van Vark 
(1970) demonstrated that too large a number of variables will give 
deceptively neat discrimination among groups. 
The choice of variables to be used in this study was complicated 
by two factors. The first of these was the presence of cranial 
deformation, which has been discussed in detail already, and the 
second factor involved the nature of the data available from the 
populations selected for comparative purposes. Fifteen standard 
cranial measurements were available for both the Saint Helena and 
Arikara groups. These measuremen ts which formed the core of those 
selected for comparison are listed below : 
1. Maximum length 
2. Maximum breadth . 
3. Basion-bregma height 
4. Endobasion-nasion 
5. Endobasion-alveolar point 
6 .  Minimum frontal breadth 
7. Bizygomatic breadth 
8. Nasion-alveolar point 
9 .  External alveolar length 
10. Externa 1 a 1 veal ar breadth 
11. Nasal height 
12. Nasal breadth 
13. Biorbital breadth 
14. Basion-porion height 
15. Auri cular height 
Of these, nasal breadth, basion-porion height, and auricular height 
had to be discarded because they were missing from either the 
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Maples (1962) or Westbury (1978) studies. A further shortening of 
this list resulted from the deformation analyses discussed previously, 
the results of whkh are presented in Chapter 6. The fol lowi.ng 
measurements were discarded on the basis of these tests: 
1. Maximum length 
2. Maximum breadth 
3. Bizygomatic breadth 
4. External al veal ar breadth 
5. Nasal height 
Thus, of the fifteen measurements considered, the following were· 
retained for the Penrose distance calculation : 
1 .  Basion-br�gma height 
2 .  Endobasion-nasion 
3 .  Endobasion-al veol ar _point 
4. Minimum fronta l breadth 
5 .  Nasion-al veol ar point 
6 .  External a 1 veo 1 a r 1 en gth 
7 .  Biorbital breadth 
In order to better visual ize and compare the distance cal cul a­
tions, the Penrose Size and Shape matri ces were channeled into a 
Principal -Coordinates program devel oped from Gower (1972) and 
received from Dr. Richard L .  Jantz, University of Tennessee, 
Knoxvil l e, Tennessee. The object of principal coordinates anal ysis 
is to reduce the number of variables by representing the intergroup 
distances on orthogonal axes . Again, the computer facil ities at 
Utah State University provided the cal cul ations. 
Non-metrical Data 
Initial interest in non-metrical or discrete traits began 
nearl y  150 years ago; recentl y there has been a resurgence in the 
use of non-metric variants in assessing the affinities between 
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groups (Berry and Berry 1967; Berry 1968) . Ossenberg (1974, 1976, 
1977) has il l ustrated the importance of using discrete traits to 
ascertain the biol ogical distance between pas·.t human popul ations. 
However, Carpenter (1976 ) working with known material ,  found that 
non-ITEtric traits considered by themsel ves have very l ittl e  
discriminatory val ue as predictors of race and sex .  He stated that 
they are useful primaril y  as age indicators and as a suppl ement to 
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metric meas urements. Trinkha us (1978) showed that bilateral 
asymmetry is corrrnon i n  non-metric traits; he suggested that environ­
mental factors are important in determini ng trait freq uency . 
Cheverud et al. (1979 ), hypothesized that the underlying scale 
which determines the presence or absence of a cranial non-metric 
trait is an expression of general and/or local size variation i n  
the cranium. Thus, metric and non-metri c traits share a corrmon 
developmental determi nation . Si milarly, Corruccin i (1976) found an 
associat i on between non-metric and metri c characters . Conseq uently, 
he felt that both traits should be used whenever possi ble in 
population studies . Green et a14 (1979 ) have considered the 
statisti cal procedures used in analysis of non-metric traits .  
Twenty-two non-metric traits on the crani um and mandible were 
observed and recorded .  All were scored as either present or absent . 
Ori ginally, a few other traits were observed (i . e .  Sub-orbital 
fossa [Hrdlicka 1909 : 203], Infra-maxillary notch [Bass 1964 : 81] ) ;  
howev�r, these were abandoned because of the subjectivity involved 
in such judgments as ' 1 absent, 1 1  " shallow, " "medi um, " or "deep . 1 1  Each 
of the vari ants observed is described below . Fi gure 3 depicts all of 
the observat i ons wh i ch were made; numbers ·· i n  the f_i gure correspond to 
the wri tten descripti on .  Table 6 shows the data sheet used to record 
these traits . 
1 .  Supra-orbital foramen or notch (Wood-Jones 1931 : 186; 
DeVilliers 1968 : 122-123; Anderson 1962 :112) . 
This is a notch or forainen occurring on the superior, medial 
1. Supra-orbital 
foramen or . 
notch 
15. 
14. 
1 7. Pharangea 1 
fossa 
19. Palatire 
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Metopism 
9. Coronal ossicle 
A. Facial aspect of the skull 
8. The skull viewed from below 
Arrangement of 
the sutures in 
the pterion 
region 
2 .  Sutures into 
the infra-
orbi ta 1 foramen 
Figure 3. Illustration of Non-metrical Traits Used in This Study 
Source : Adapted from Berry and Berry (1967 : 365-367) and Jantz 
( 19 70 : 32) 
9. Coronal 
ossicle 
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10. B �egmatic bone 
sa gittal ossicle 
Ossicle at lambda 
Inca bone 
. Lambdoid ossicle 
present 
12. Parietal foramen 
C. The skull viewed from above 
9. Coronal ossicl e 
Lambdoid ossicle 
present 
Ossicle at asterion 
Parietal notch bone 
Mastoid foramen 
exsutural 
Ear exostoses 
D. Left latera l aspect of the skull 
Figure 3. ( Continued) 
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21 . Mylo-
hyoid 20. Mandibular torus 
bri dge 
E .  Interior aspect of left mandi b le 
0 - --t---=-
• o 22. Accessory 
F. E xt'eri or aspect of right mandib le 
mental 
foramina 
Figure 3. ( C ontinued) 
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TABLE 6 
DATA SHEET USED TO RECORD NON-METR IC TRAITS 
Trait Observed resent sent R · .. L R L 
p Ab 
1 .  Supra-orbital foramen or notch 
2. Sutures into infra-orbital foramen 
3. Arrangement of sutures in pterion region 
wide H 
narrow H 
K 
X 
epiteri c bone 
f ron to-tempo ra 1 articulation 
4. Ossicle at lambda 
5. Inca bone 
6 .  Lambdoid ossic� e present 
7. Ossicle at asterion 
8. Parietal notch bone 
9. Coronal ossicle 
10. Bregmatic bone 
11. Metopi sm 
12. Parietal foramen 
13. Sagittal ossicle 
1 4 . Dehiscences of tympanic e lement 
15. Condylar facet double 
16. Mastoid foramen exsutured 
1 7. Pharangeal fossa 
18. Ear exos toses 
19. Pa 1 ati ne torus 
20. Mandibular torus 
2 1 . Mylohyoid bridge 
22. Accessary mental forami na 
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aspect of the eye orbit which transmits the supraorbital nerve, vein 
and artery. 
2. Sutures into the infraorbital foramen (Wood-Jones 1931 :186; 
Ossenberg 1970 : 361) . 
These are sutures which extend into the infraorbital foramen 
from the rim of the eye orbit. 
3 .  Arrangement of the sutures in the pterion region 
( De V i  1 1  i e rs 19 6 8 : 85 ) . 
The arrangement of the suture l ines between the parietal ,  
sphenoid, temporal , and frontal bones is shown in Figure 4 .  
4. Ossicl e at l ambda (Berry and Berry 1967 :365) . 
This is a bone which occurs at the junction of the sagittal and 
l ambdoid sutures . An ossicle  at l ambda occurs in the occipital 
fontanel and is usual l y  smal l er than an Inca bone . 
5 .  Inca bone (interparietal bone) (Jantz 1970 :27) . 
The portion of the occipital bone which ossifies in membrane 
may persist as a separate bone . 
6 .  Lambdoid ossicle present (Berry and Berry 1967 :366) . 
Ossicl es may occur in the l ambdoid suture . As many as twel ve 
distinct bones may be present on either side . 
7 .  Ossicl e at asterion ( Berry and Berry 1967 :368; Jantz 
1970 : 25) .  
A separate suture bone may occur at the junction of the parietal 
and occipital bones with the mastoid portion of the temporal  bone. 
8 .  Parietal notch bone (Berry and Berry 1967 : 368). 
The parietal notch is that portion of the parietal bone that 
A .  B. C. 
D . E .  
Fi gure 4 .  Arrangement of Sutures i n  the Pteri on Regi on 
The sut ure arrangement may be : (A) w ide H, (B) frontotemporal art i culation, (C) epi teri c bone , 
(D) K, (E) narrow H, or (F) X. 
Source : Adapted from De Vi 11 i ers ( 1968 : F igure. 5, oppos i te page 94). 
u, 
(X) 
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protrudes between the squamous and mastoid portions of the temporal 
bone. A separate os sicl e formed at that point is a parietal notch 
bone. 
9 .  Coronal os sicl e (Berry and Berry 1967 :367 } .  
This is an ossicl e  fanned in the coronal suture. 
10. Bregmatic bone (Berry and Berry 1967 :367) . 
A sutural bone may occur at the sagittal -coronal suture 
junction (the position of the anterior fontanel l e).  
11. Metopism (Berry and Berry 1967 :367; DeVil l ier s 1968 :82-84) . 
The media-frontal suture disappears within the first two years 
of l ife. If the condition persists throughout l ife , it is known as 
metopism .. 
12. Parietal foramen (Berry and Berry 1967 :367; DeVil l iers 
1968 : 103-104) . , 
This foramen pierces the parietal bone near the sagittal suture 
a few centimeters in front of l ambda. It transmits a smal l emissary 
vein and occasional l y  a smal l branch of the occipital artery. 
13. Sagittal ossicl e  (Jantz 1970 :27). 
A separate bone may occur in the sagittal suture. 
14. Dehiscences of the tympanic element of the temporal bone 
(Foramen of Huschke) (Berry and Berry 1967 : 368; DeVil l iers 1968 :109) . 
This foramen occurs in the fl oor of the external auditory 
meatus. It is always present in young children, but usual l y  it 
disappears by the fifth year. 
15. Condyl ar facet doubl e  (Berry and Berry 1967 :368) . 
The articular surface of the occipital condyle is sometimes 
divided into two distinct facets. 
16. Mastoid foramen exsutural (Berry and Berry 1967 : 368) . 
60 
The mastoid foramen, when present, usually lies in the suture 
between the mastoid part of the temporal bone and the occipital bone. 
If it occurs exsuturally, it most commonly is found on the mastoid 
part of the temporal bone. 
17. Pharangeal fossa (Sullivan 1925 :224-228) . 
A depression may occur on the basilar portion of the occipital 
bone . 
18. Ear exostoses (Hrdlicka 1935 :1-100; Gregg and McGrew 
19 70 : 3 7-40 ) . 
A bony ridge or torus may occur in the external auditory meatus. 
19. Palatine torus (Jantz 1970 :27) . 
A bony ridge may run along the midline of the hard palate. 
20. Mandibular torus (Jantz 1970 :29) .  
Tori may occur on the internal aspect of the mandible . 
. 21. Myl ohyoi d bridge ( Ossenberg · 19 70 : 363) . 
A bony bridge may occur over the mylohyoid groove on the internal 
aspects of the ascending ramus. 
22. Accessory mental foramina (Jantz 1970 :27) . 
In addition to the primary foramen, one or several accessory 
foramina may occur. 
Statistical Methods : Non-metrical Data 
The discrete trait anal ysis in this study was directed toward 
detennining the effect of defonnation on the occurrence of these 
traits . Therefore, the same two deformation cl asses (moderate and 
extreme) used in the metric analysis were used . Sex and bil ateral 
differences were al so analyzed ; however , no comparisons were made 
with the comparative popul ations used in the metrical anal ysis 
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because non-metrical data was general l y  unavail abl e for these groups. 
A chi-square test was used to determine whether any of the differences 
noted were statistical l y  significant. 
CHAPTER 4 
DESCRIPTIVE ANALYS IS 
This chapter deals with those aspects of the biol.ogical analysis 
which are basically descriptive in nature rather than analytical. 
Three major topics are discussed : (a) description of the burials, 
(b ) pathologies, and (c ) burial customs (burial position and grave 
goods). 
Description of the Buri al s 
Seventy-five burials were recovered during the Kaufman-Williams 
excavations. There were 26 males, 28 females, and 21 subadults. 
Table 7 provides . a brief description of the burials. 
Pal eodemography 
Demographic reconstruction of a past human population provides 
an indication of how well that population was adapted to its cultural 
and physical environment. The reliability of such a reconstruction 
depends upon two factors : (a) the accuracy of the estimates of sex 
and age of the skeletons in the sample and (b) the degree to which 
the sample reflects the total population. The second factor actually 
provides the greatest potential for error in demographic 
reconstruction. Sources of error include : (a) differential 
disposal of the dead which resulted in some categories of subadults 
or adults not being adequately represented in the sample, 
(b ) inadequate archaeological sampling of a cemetery , and 
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Buri al 
Number Sex Age 
l M 30-35 
2 M 35-40 
3 F 30-35 
4 M 18-21 
5 M 35-40 
6 M 18-20 
7 M 30-35 
8 F 45-50 
TABLE 7 
DESCR IPT ION OF  THE BURIALS FROM THE KAUFMAN-WILL IAMS SITE 
Def onnat i on Toothwear Pathology 
Moderate Severe Arthri ti c l ippi ng 
Button osteoma right 
. ·frontal 
Moderate Severe Cribra orb italia  i n  
both eye orb i ts 
Possible sprai n on 
ri ght ti b ia  and 
fi bula d i stal end 
Moderate Moderate Cerv i cal vertebrae 3 
and 4 fused 
Sli ght Sli ght 
Left s ide of Moderate, Temporo-mandi bula r 
skull more maxi 11 ary 3rd joi nt di sease 
defonned than molars peg Arthri ti c  l ipp ing 
right shape 
Moderate Sli ght 
Ext reme Moderate 
Ext reme Severe Arthri ti c l ippi ng 
Cendit ion 
of Burial 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
0) 
w 
TABLE 7 ( c·ontinued) 
Buri a 1 Condition 
Number Sex Age Defonnati on Toothwear Pathol ogy of Burial 
9 M 17-20 Sl ight Maxil l ary sinuses Skul l badly  
showed evidence of warped 
infection and post-mortem 
periosteal reaction 
1 0  F 40-45 Moderate Moderate Good 
11 M 20-25 Moderate Sl ight Congenital hi p d i s- Good 
l ocation on the 
right si de 
12 SA 2- 3 Fragmentary, 
Buri a 1 
i ncl uded 
rema ins of 
909 
1 3  F 35 -40 Sl i ght Severe Fragmentary, 
� Weathered 
14 M 25- 30 Moderate Moderate Heal ed fracture 
distal end l eft 
ul na 
15 F 45-50 Sl ight Severe Lyti c l es ion r ight Fragmentary 
si de 2nd l umbar 
vertebra 
TABLE 7 ( continued )  
Buri a 1 Condition 
Number Sex Age Deformation Toothwear Pathol ogy of Burial 
16 SA 15-17 S l ight Fair 
1 1  M 25-30 Fragmentary 
18 SA 8-10 Fragmentary 
19 F 45-50 Extreme Severe Cervical vertebrae Good 
2 and 3 fused 
Arthritic l ipping 
20 M 35-40 Extreme Severe Pseudoarthrosis l eft Good 
ul na 
Button osteoma distal 
end right femur 
21 SA 12-17 Moderate Button osteoma Fragmentary 
right fronta 1 
22 F 25-30 Extreme Moderate Fragmentary, 
Rodent gnaw-
ing 
23 SA 7-8 Fragmentary 
24 F 20-25 Moderate Sl ight Good 
Binding marks °' 
on skul l 
u, 
TABLE 7 (continued ) 
Buri a 1 Condition 
Number Sex Age Deformation Toothwear Pathol ogy of Burial 
25,  SA 4-6 Fair 
26 M 45+ Ext reme Severe , A 11 Severe degenerative Fragmentary 
teeth except arthritis Weathered 
one l ost ante- Fusion l umbar 1 and 2 Rodent gnaw-
mortem ing 
2 7  SA 9-11 Moderate Fair 
28 M 30- 35 Moderate Severe Good 
29 SA 3-5 Fragmentary 
30 M 30- 35 Ext reme Moderate Right mastoid l arger Good 
than l eft 
Nonsuppurative osteo-
myel itis distal end 
right tibia 
Right 4th metatarsal 
11 mm shorter than 
l eft 
Heal ed fractures on 
right frontal and 
parietal 
31 a F 19-21 Extreme Moderate Good, Face 
damaged 0) 0) 
during 
excavation 
TABLE 1 (continued ) 
Buri a 1 Condition 
Number Sex Age Defonnati on Toothwear Pathology of Burial 
31 b SA Good, New-
born infant 
buried with 
31a 
32 F 45-50 Extreme Severe Arthritic lipping Fair 
Weathered 
33 SA 9-11 Fragmentary, 
Weathered, 
Rodent gnaw-
ing, Skull 
badly warped 
post-mortem 
34 SA 6-8 Fair 
35 F 40-45 Extreme Severe Good 
36 F 45-50 Moderate Severe Colle ' s  fracture right Good 
radius 
Arthritic lipping 
Localized periostitis 
both tibiae 
37 SA 7- 8 Extreme Hydrocephaly Good 
O"\ 
38 SA 9-12 Moderate Fair 
-.....J 
TABLE 7 ( conti n ued )  
B uri al  Condi ti on  
Number Sex Age Deformati on Toothwear Path ol ogy of Buri a l  
39 F 1 7-20 Moderate Good 
40 F 35 -40 Moderate Severe Arth ri ti c  l i pp i ng Good 
41 a F 1 9-21 Moderate Mode rate Good 
41 b SA Good , . N ew-
born i nfa nt 
buri ed wi th 
41 a 
42 F 40-45 E xtreme Severe Local i zed  peri os teal Good . reacti on both t i b i ae 
43  F 50-55 E xtreme Severe Arth ri ti c  l i ppi ng Good 
44 F 45-50 Moderate Severe C ri b ra orb i tal i a  l e ft Fa i r 
orb i t Weathered  
Abs ce s s  l eft maxi l l a  
wi th bone regene ra-
ti on 
45 M 30- 35 E xt reme Mode rate Smerl ' s  n odul e wi th Good 
parti al l y  col l apsed 
thorac i c  verteb ra 
created  s c i ol os i s  °' 
Hea l ed  nasa l  fracture 
co 
TABLE 7 (continued) 
Buri al Condition 
Number Sex Age Deformation Toothwear Pathology of Burial 
46 M 1 7- 20 Extreme Slight C ribra orbitalia Good 
Supernumary left eye orbit 
tooth in premolar 
area left 
maxi 1 1  a 
47 M 25- 30 Extreme Slight Good 
Rodent gnaw-
i ng 
48 F 30- 35 Ext reme Severe Fair 
49 SA 1 3- 1 5 Osteochondritis Fair 
dissecans both Weathered 
distal femora 
50 F 20-25 Slight Periosteal reaction Fair 
left ulna and tibia Weathered 
51  F 30- 35 Slight Moderate Button osteoma left Good 
occipital 
Large parturition pits 
Healed nasal fracture 
TABLE 7 ( conti nued)  
Buri a l  Condi ti on 
N umber Se x Age Defo nnati on Toothwea r Path ol ogy of Buri a l  
5 2  M 20-25 Moderate Moderate Good 
Late ral i nc i sor  
ri ght s i de 
peg s hape 
Mal occl us i on of 
cani ne and 
premol a rs 
ri ght s i de 
53  SA 1 2- 1 7 Cri b ra orb i ta 1 i a Skul l on ly  
l eft orb i t 
54 SA Newborn 
i nfant , G·ood 
55 SA Newborn 
i nfant , Good  
56 'SA 1 - 2 Gene ral i zed Fai r 
peri osti t i  s i n  
l ong bones 
5 7  SA 2- 3 Porot i c  hyperostos i s  Good 
58  M 30- 35 Mode rate Sl i gh t  Fi rs t cerv i ca 1 Good 
verteb ra fused  0 
to s kul l 
TABLE 7 (continued) 
Buri al Condition · 
Number Sex Age Defonnati on Toothwear Pathology of Buri al 
59 M 40-45 Slight Severe Arthritic lipping Good 
60 M 30-35 Moderate · Moderate Cerv i cal vertebrae Good 
2 and 3 fused 
Arthritic lipping 
61 M 30-35 Extreme Moderate Cribra orbitalia both Good 
eye orbits 
16 mm oval perforation 
body of sternum 
Bony spur distal, 
lateral edge right 
calcaneous 
Arthritic lipping 
62 M 40-45 Extreme Severe Arthritic lipping Fair 
Localized periostitis Weathered 
right proximal tibia 
6 3  M 20-25 Slight Slight Fair 
Right central Weathered 
mandibular Rodent gnaw-
incisor ing 
congenitally 
missing 
' 
.i... 
TABLE 7 ( conti nued)  
B uri a 1 Condi ti on 
Number Sex Age De formati on Toothwear Pathol ogy of Buri a l  
64 F 50-55 Sl i gh t  Severe Fragmentary 
Weathered  
65  F 30-35 Moderate Arth ri ti c  l i pp i ng Fai r 
Weathered  
66 M 30- 35 Ext reme Mode rate Smal l ci rcul ar Good 
perforati on body 
of s te rnum 
6 7  F 35-40 Extreme Moderate Large parturi ti on  pi ts Good 
68 F 20- 25 Ext reme Sl i gh t  Fragmentary 
Rodent 
gnawi ng 
69 SA 3-5 Cri b ra orb i tal i a  both Good 
eye orb i ts 
Both maxi l l ary s i n u se s  
showed evi den ce of 
i nfecti on and peri -
osteal reacti on 
70 M 30-35 E xtreme Mode rate Good 
71 F 35-40 Moderate Mode rate Parti al neural arch Fa i r 
defect S-5 
Buri a l  
N umbe r Sex Age Defo nnati on 
72 F 20-25 Extreme 
73 F 30- 35 Extreme 
SA - Subadul t 
TABLE 7 ( cont i nued )  
Toothwea r Pathol ogy 
S l i ght 
Moderate 
Condi ti on 
of B uri a l  
Fragmentary 
Rodent 
gnawi n g  
Fa i r 
Rodent 
gnawi ng  
-....J 
w 
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(c) selection of only well-preserved , complete skeletons to use for 
study (Ubelaker 1978). 
In this study there were 21 subadults and 54 adults. Thus , the 
subadults constituted only 28% of the total sample. This percentage 
is low in comparison with other studies of American Indian groups (Bass 
et al. 1971 ; Owsley 1975 ; Ubelaker 1974) . It is possible of course 
that the subadult mortality occurring at Kaufman-Williams was lower 
than in most other Amerindia�. groups ; however, that seems an unlikely 
explanation. Instead the sample probably did not accurately represent 
the true mo rtality. Many of the Caddo buri ed their children under 
the floor of the house (rather than in the cemetery area) (Perino 
personal communication) . Conversely , the major thrust of the excava­
tions at Kaufman-Williams was in the cemetery areas . This probably 
resulted in th e recovery of more adult skeletons in proportion to 
subadults than the ·actual deaths in the group would have reflected . 
Consequently , it seemed inappropriate to present an elaborate 
demographic reconstruction (includi.ng such things as a life table 
or the crude mortality rate) since the sample was probably biased , but 
Table 8 presents an age distribution of the skeletons recovered from 
the Kaufman-Williams site. 
Even though the number of subadults in this sample was lower than 
in most Amerindian groups , there were still many deaths among that 
group , especially in �hose 0. 0-4. 9 years of age. After the high 
frequency of deaths in the first five years , there was a steady 
decline through adolescence. The highest death rate occurred for 
adult males between 30. 0-34. 9 . . Th e females had . two periods of high 
TAB LE 8 · 
AGE DI STR IBUTION OF  I NDI VI DUALS. RECOVERE D FROM THE 
KAUFMAN-WILL IAMS S ITE 
Age I n te rva 1 SA % M % 
0 . 0 - 4 . 9 1 0  1 3 . 3 
5 . 0 - 9 . 9  6 8 . 0  
1 0 . 0 - 1 4 . 9  4 5 . 3  
1 5 . 0- 1 9 . 9  1 1 .  3 4 5 . 3  
20 . 0-24 . 9 3 4 . 0  
25 . 0-29 . 9  3 4 . 0  
30 . 0 - 34 .  9 1 0  1 3 . 3 
35 . 0- 39 .  9 3 4 . 0  
40 . 0 -44 . 9  2 2 . 6  
45 . 0-49 . 9  1 . 1 . 3 
50 . 0 -54 . 9  
F 
3 
3 
2 
5 
4 
3 
6 
2 
death rate--one between 30 . 0  and 34 . 9  ye ars of age and th e oth er 
between 45 . 0  and 49 . 9 .  
Pa1 eopatho1 ogy 
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% 
4 . 0  
4 . 0  
2 . 6  
6 . 6  
5 . 3  
4 . 0  
8 . 0  
2 . 6  
Some di sease p roces ses l eave tel l -ta l e  marks upon bone ; h owever , 
most di seases  do not affect th e s kel eton . Th erefore , even though i t  
i s  pos s i bl e  to make some i n feren ces about th e i l l nes ses and h eal th 
probl ems of p reh i s tori c peopl es , i t  i s  not pos s i b l e  to provi de an 
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accurate as ses smen t of th ei r true h eal th status . Furth ermore , 
di fferen t path ol .ogi cal con di ti ons may affect bone i n  a s i mi l ar way ; 
th us , th e probl em i s  furth er compl i cated .  Perhaps i n  any pathol og i ca l 
anal ys i s  i t  i s  mos t important to recogn i ze an abnormal condi ti on ; ­
specul ati on about th e ca uses of s uch condi ti on s s houl d genera l l y  be 
avoi ded ( Ubel aker 1 9 78) . 
Congeni tal and deve l opmental defects . · Am�ng the mos t frequently 
enco untered defects noted i n  th e Kaufman-Wi l l i ams samp l e  we re vari ous 
congen i tal and devel opmenta l abnonnal i ti es .  Accordi ng to Morse ( 1 9 78 )  
the maj ori ty of s uch abnormal i ti es a re i nconsequenti a l  and cause no 
di sabi l i ty .  
The vertebral col umn i n  the Kaufman -Wi l l i ams ske l etons d i s p l ayed 
a h i gh i nci dence of th ese defects ( see Tab l e 9 ) . Fus i on of the 
ce rvi cal .vertebrae was noted i n  th ree cases . In two i nd i vi dual s the 
fus i on i nvol ved C- 2 an d 3 ;  i n  one case C- 3 an d 4 were fused . I n  
b uri al 58 ,  the atl as was fused to the occi p i tal bone ; Morse ( 1 9 78 )  
s tated th at th i s  i s  a ra re occurrence . One femal e  had a part i a l  
neural arch de fect on the twel fth thorac i c vertebrae , and both T- 1 1  
and 1 2  had abb revi ated trans ve rse proces ses . 
The mos t common area i n  wh i ch verteb ral col umn defects were found 
was in the l ower l umba r  and sacral reg i on .  Tab l e  10 provi des a 
comp i l ati on of the defects i n  th i s  reg i on by age and sex , and F i g ure SA 
i l l ustrates  a separate neura l  arch defect i n  S l -5 . 
Vari ous defects i n  th e l umbar-sacral area have been studi ed 
by di fferent researchers . W i l l i s ( 1 9 31 ) , Stewart ( 1 9 31 , 1 9 5 3 , 1 9 56 , 
TABLE 9 
DE FECTS OF  THE VERTEBRAL COLUMN 
(EXCEPT ARTHRITIC  LI PP ING) 
Burial Sacrum 
Number Sex Age Cervical Thoracic Lumbar l 2 3 4 5 
' ·  
2 M 35-40 PNAD 
3 F 30-35 3, 4 fused PNAD-12 
11, 12  
abb reviated 
transverse 
processes 
4 M 18-21 L5 
NAD left PNAD PNAD PNAD PNAD  ANA 
side from 
pars inter-
articularis 
to midline 
6 M 18-20 PNAD PNAD PNAD  PNAD  
8 F 45-50 PNAD PNAD 
9 M 17-20 Sacraliza- ANA ANA ANA ANA ANA 
tion of. 
L5 right side 
L5 NAD mi dl iine 
1 0  F 40-45 PNAD PNAD  ........, 
TABLE 9 ( continued) 
Buri al Sacrum 
Number Sex Age Cervical Thoracic Lumbar 1 2 3 4 5 
1 1  M 20-25 PNAD PNAD PNAD 
14 M 25-30 ANA 
. 15 F 45-50 Lytic lesion ANA 
righrt 
side L2 
Sacral iza-
tion L5 · 
right side 
19 F 45-50 2,3 fused Partial lumbarization 
of Sl 
PNAD 
24 F 20-25 PNAD ANA ANA 
26 M 45+ Ll-2 fused 
28  M 30-35 PNAD ANA ANA 
32 F 45-50 Bil atera 1 
sacral-
i zation 
of L5 
TABLE 9 ( crintinued ) 
Buri al Sacrum 
Number Sex Age Cervical Thoracic L umbar l 2 3 4 5 
36 F 45-50 LS bilateral ANA PNAD ANA ANA 
arch 
defect at 
pars 
inter-
arctul ari s 
40 F 35-40 L5 fused to 
sacrum (not 
sacra 1 i zed )* 
41 F 19-21 PNAD PNAD 
42 F 40-45 Sacraliza- PNAD ANA 
tion of 
L5-- right 
side 
43  F 50-55 PNAD PNAD PNAD 
· 45 M 30-35 Smerl ' s  
nodule 
46 M 17-20 ANA ANA 
TABLE 9 ( conti nued )  
Buri a l  Sacrum 
N umbe r Sex Age Ce rvi cal  Thoraci c Lumbar  1 2 3 4 5 
47 M 25- 30 L5 PNAD PNAD 
Neu ra l  a rch 
defect b i -
1 ate ra l ly 
at pa rs 
i n terart i  cu-
1 a ri s ,  
. Incomp 1 ete 
fus i on S l  
to sacrum 
58 M 30- 35 At l as fused ANA PNAD 
to ace i p i ta 1 
60 M 30- 35 2 , 3 fused  PNAD PNAD 
6 1  M 30- 35 PNAD 
6 3  M 20-25 PNAD PNAD PNAD 
66 M 30- 35 PNAD PNAD 
6 7  F 35-40 PNAD 
� 
'""" 
Buri a 1 
Number Sex 
70 M 
71  F 
Age Cervical 
30-35 
35- 40 
PNAD - partial neural arch defect 
ANA - absent neural arch 
NAO - neural arch defect 
TABLE . 9 ( continued ) 
Thoraci c Lumbar 
Sacrum 
1 2 3 4 
Incomplete 
fusi on Sl 
to sacrum 
5 
PNAD 
PNAD  
* 
According to Lanier ( 1954:364 ) ,  this i s  a pathological fusion since there was no tendency toward 
sacralization of the transverse processes. 
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TABLE 10 
VERTEBRAL DEFECTS IN LS AND THE SACRUM BY AGE AND SEX 
Sex Sex * 
Incidence . Incidence Age by 
Male Female Sex 
Locat.i on Defect # % # % Young Old 
LS Complete or partial 1/26 3 . 85 4/28 14 . 29 lM 4F 
Sacral ization 
LS Neura 1 arch defect 3/26 11. 54 1/28 3. 57 2M lF 
lM 
Sl Lumbarization of Sl 1/28 3 .. 57 lF 
Sl Incomplete fusion 
of Sl to sacrum 1/26 3 . 85 lM 
Sl Neural arch defect 6/26 23 . 08 4/28 14 . 29 4M 4F 
2M 
S2 Neura 1 arch defect 4/26 15 .38 1/28 3. 57 3M lF 
lM 
S3 Neural arch defect 6/26 23 . 08 1/28 3 . 57 5M lM 
lF 
S4 Neural arch defect 9/26 34 . 62 7/28 25 . 00 SM 4M 
2F SF 
SS Neural arch defect 12/26 46 . 15 9/28 32 . 14 4M 8M 
2F 7F 
* 
Age division between old and young  was taken as 25 years . 
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Figure 5. Representative Pathologies Noted in th e Kaufman- · 
Willi ams Buri als. 
Among th e pathologies found in the Kaufman-Willi ams burials 
were : (A) Separate Neural Arch Defect Sl-5 , (B") Co.ngeni tal hip 
dislocation, (C) Pseudoarthrosi s  of the ulna, (D) Infected maxillary 
sinuses, (E) Osteochondriti s dissecans , and (F) Porotic hyperostosis. 
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A B 
D 
E 
Fi g ure 5 
1969, 1979b), Lester and Shapiro (1968) and Roche and Rowe (1952) 
directed their attention to neural arch defects in the fifth lumbar 
vertebra. Stewart (1931) felt that a separate neural arch is a 
congenital anomaly. He attributed its high frequency among the 
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Eskimo to the effects of inbreeding over a long period of time. 
However, he. later noted (Stewart 1953) that the incidence of neural 
arch defects increased with age and, therefore , could not be congenital 
in nature. Instead he attributed the defect primarily to stress of 
a chronic nature which led to . de-ossification and interarticular 
pseudofracture. He cited the awkward work position of females (in 
which they stand straight-leg�ed and bent over in order to engage in 
hand operations at ground level} and the sitting position of : :the men 
in their kayaks as being sufficiently stressful to provoke the 
condition. More recently he stated that the defect usually arises 
mechanically due to an hereditary predisposition to the condition , 
but it can also be caused by direct injury (Stewart 1969 , 1979b). 
Table 11 provides comparative data concerning the frequency of 
neural arch defects in several populations. Unfortunately the 
methods of tabulation were not the same in each study ; therefore ,  it 
is not possible to make direct comparisons. However, the Arikara 
population reported by Schmidt { personal corrmunication) was tabulated 
using the incidence of LS only. The frequency of neural arch defects 
noted in LS in the Kaufman-Williams population is considerably lower 
than that noted in any of the other Amerindian populations cited and 
more nearly resembles that given for Whites and Blacks. It is 
TABLE 1 1  
PREVALENCE OF  NEURAL ARCH DE FE CTS IN  SEVERAL POPULAT IONS 
Mal es  Femal es 
Popul ati on Grou� No.  % No. % 
Wi l l i s ( 1 9 31 ) 
Hammann Museum Wh i te 6 . 7 3 . 7 
( Samp l e s i ze of 1 520 ) Bl ack 3 . 5 1 . 0 3  
Stewart ( 1 979b ) 
I nd i an Kno l l Ameri ndi an  30/ 1 71 1 7 . 5 30/ 1 39 2 1 . 6  
Ari kara ( from Un i ted  States 
Nati an al Museum)  Ameri n di an 29/94 30 . 8 1 8/69 2 8 .  1 
Stewa rt ( 1 9 31 )  
E s k i mos no rth of Yukon Es k i mo 39/96 40 . 6  34/91 3 7 . 4 
E s k imos from southern Y ukon Reg1 on E s k imo 1 4/86 1 6 . 3  8/ 75 1 0 .  7 
Roche and Rowe ( 1 952 ) 
Di ssecti ng room s pec imens Wh i te 6 . 4  2 . 3 
( Samp l e s i ze of 4200 ; 1 78 a ffected )  B l ack 2 . 8  1 .  1 
Le ste r  and . Sh ap i ro ( 1 968) 
*Po i n t  Hope Esk imo E s k i mo 1 2 1 /295 41 . 0  
*Smi th Sound Eski mo . Es k i mo 2/5 40 . 0  
*Al euti ans Al e uti ans 2/6 33 . 0  
Schmi dt ( 1 980 ) ** 
Ari ka ra ( Uni vers i ty of Tennes see ) Ame ri n d i an 1 6/52 30 . 77 1 3/48 2 7 . 08 
Pres ent Study ** Ameri nd i an 3/26 1 1 . 54 1 /28 3. 5 7  
*No di sti nctlon for sex 
**Tabul ati on of L-5 defects on ly  
di ffi cult to evaluate the reason for this especially si nce the 
frequency of neural arch defects in thi s  population i ncreases in  
the sacral region . 
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It is possi ble that the activity patterns of the Caddo Ind ians 
did not greatly stress the lumbar regi on or that this  population d id  
not have a strong heredi tary predisposition to structural weakness 
i n  thi s area . Thi s  i s  certainly a topi c that deserves further study 
among the Caddo Indians . 
Two i ndivi duals had a perforated sternum . Thi s  anomaly i s  
b�li eved to be caused by a developmental error in oss ificati on (Morse 
1978) . The perforati on i n  Buri al 61 was an oval 16 mm. in extent; 
the other hole (Buri al 66) was a pinpoi nt si ze ci rcle. 
The most disabli ng congenital deformity noted i n  the Kaufman­
Willi ams sample was the congeni tal hip di slocation found i n  Buri al 
11 (Terry personal communication) (see Fi gure 58) . The right 
acetabulum was essenti ally nonexi stent . There was a pronounced 
atrophy of the ri ght femur and t ibi a .  The head of the right femur 
was consi derably roughened . Asymmetric changes associated with this 
probl em we re noted in th e foot bones and 'i n the vertebrae . 
Arthriti s . Arthritis is  a di sease abnormal i ty whi ch involves 
one or more joi nts .  Many di fferent classifi cations of arthritis and 
rheumati sm have been proposed (Morse 1978 ; Brothwell and Sandison 
1967; Ste i nbock 1976) . However, for purpose of thi s  study only two 
cond itions--osteoarthritis and vertebral osteophytosi s--assumed 
importance . Both were associated with the degenerative changes 
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noted as part of the agi ng process. Osteoarthrit i s was found 
associated wi th the wei ght beari ng jo ints , especi ally the knees , i n  
ei ght i nd iv iduals. Vertebral osteophytosi s  was much more corrvnon; it  
was noted i n  27 i ndi v i duals. The lumbar vertebrae and sacrum were 
most commonly affected. The cervi cal vertebrae were the second most 
frequently affected. 
Trauma . Several traumati c  lesions occurred i n  the skeletons 
from Kaufman-Wi lli ams. Three skull fractures were noted. Buri al 30 
had a healed fracture on both the ri ght frontal and the r i ght 
parietal. The other skull fracture was on the occipi tal bone (Buri al 
45). Two broken noses were observed. Two ulnae were fractured; 
i n  the case of Burial 20 , a pseudoarthrosi s or false joi nt was 
created (see F igure S C). Accordi ng to Stei nbock (1976) , th i s  type of 
joi nt may occur when the broken ends are poorly aligned and moti on i s  
excessi ve. The proliferati ng cells differenti ate ma inly i nto 
chondroblasts . produci ng a hyaline-like cartilage over the ends of 
the broken bones. Other cells form synovi al ti ssue wh ich surrounds 
the bone and acts as a lubri cant. 
Two fractures of the radi i were noted. The r i ght radi us of 
Buri al 36 suffered a Celle ' s  fracture wh i ch was caused by falli ng on 
the hand (Key and Conwell 1942 ) . There was one fracture observed 
on the di stal end of the left humerus (Bur ial 63 ) .  
The r ight t ibi a was considerably heavi er and more swollen i n  
appearance than the left i n  Burial 30. Th i s  cond it ion was attri buted 
to a fracture followed by a low-grade , long-term i nfect i on wh ich 
caused extensive buildup of bone (Terry personal corrununicat ion). 
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Several traumatic injuries to tibiae that did not result in 
fractures were also noted. These included such probable conditions . 
as sprains, 1 1 barked-shins , 1 1  etc. , in which va·rying degrees of 
periosteal reaction occurred . Seventeen tibiae from twelve individuals 
showed such reactions. Occasfonally other long bones were similarly 
affected . 
Goldstein ( 1 9 57 )  noted a 2. 2% postcranial fracture rate in the 
Texas Indians he studied . The 8% fracture rate observed in the 
present study more nearly approximates that observed in the late 
archaic popul ati ans studied by Morse ( l 9 78) . It may be, however, 
that the high incidence of fractures noted here is due to the large 
number of adults (who are more prone to fractures ) in the sample 
rather than to stresses imposed upon the population by a rigorous 
environment. The two fractures of the radii were on the skeletons 
of females. The other postcranial fractures all occurred on male 
skeletons. One •broken nose was found on a female skeleton while 
the remai ning craniofacial fractures were associated with males. 
Infl ammation of bone. Infl ammation of the bone, other than that 
already mentioned in the cases of periosteal reaction in various long 
bones, was observed in two individuals (Burials 9 and 69) . In both 
cases, there was evidence of infection in the maxillary sinuses 
foll owed by peri osteal reaction in the form of new bone formati,on 
(see Figure 50) � 
Tumors. Tumors are abnormal growth that may either originate 
in the bone tissue or spread to the bone from other tissues. Eight 
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skel etons from the Kaufman-Wi l l i ams s i te had tumors on them .  None  
of  th ese were mal i gnant .  In s i x  of  the i n di v i dual s ( 8% of  the 
popul ati on )  th e tumor was a button osteoma . B uri a l 2 had two b utton 
os teomas on the ri ght fron tal . One osteoma was l ocated on a femur ,  
anoth er was on . a  t i b i a , and th e remai n der were al l foun d on the 
cran i um .  Hooten ( 1 9 30 )  noted a frequen cy of 2 . 2% of  button osteomas 
among the Puebl o I n di ans . Th at i s  a much l ower freq uen cy than found 
i n  th i s  s tudy .  
One osteochondroma was found o n  the proxi mal end of  the l eft 
ti b i a of a 9- 1 1 year ol d ch i l d .  Th ree tumo rs , cl ass i fi ed as 
hemangi omas , occurred on one skel eton ; they were l ocate d on the l eft 
pa ri etal , the l eft tempo ral , and the ri ght i l l i um .  
Osteochondri t i s di s secans . One case of  os teochondri ti s 
di ssecans was noted on th e medi al condyl es of the femora of a 1 3- 1 5 
ye ar o l d mal e  ( Buri a l 49 ) ( see Fi g ure SE ) .  Th i s  condi ti on  i s  
es senti al l y  a type o f  e pi physeal i s chemi c necros i s  wh i ch i n vol ves 
a pe ri pheral segment of the bony ep i phys i s .  I n s uffi c i e nt ci rcul ati on 
th rough the ep i physeal vesse l s p rovokes the probl em .  A pl ane of  
cl eavage separates the dead fragment from th e h eal thy bone . Th i s  
may eventual ly  l oosen an d fa l l  i nto the joi nt s pace tak i ng al on g the 
l aye r of h eal thy carti l age wh i ch covers i t .  Ofte, there i s  mi l d  to 
moderately severe pa i n  i n  the a ffected j o i nt , and th ere i s  usual l y  
some l i mi tat i on o f  extreme moti on . E ven tual ly mus cl e weakness may 
occu r ,  and th ere may be di s use atrophy ( Aegerter and Ki rkpatri ck · 
1 96 3 ) . 
91 
Hydrocephaly. One subadult (Burial 37) , aged 7-8 , was affli cted 
w ith hydrocephaly. Th is conditi on whi ch results from i ncreased 
i ntracrani al pressure i s  caused by i nfect i on ,  tumor , or i njury 
(Morse 1978). The crani al capacity of thi s  ch i ld ,  measured w i th 
b i rd-seed was 1370 cc. A subadult of comparable age (Burial 34) had 
a cranial capaci ty of 1210 cc . 
Poroti c  hyperostosi s. A 3-5 year old subadult was affli cted 
wi th a severe case of poroti c hyperostosi s  (see F i gure S F). Thi s  
condi t i on has generally been associated w ith i ron def i ci ency anemia  
i n  the Ameri ndi ans. Several causes have been suggested i ncludi ng 
(a) a simple dietary i nsuff ici ency of i ron , (b) protosoal , helminthi c ,  
and bacteri al i nfecti ons of the i ntesti ne whi ch prevent adequate 
i ron absorption ,  and (c) cooki ng methods whi ch destroy foli c aci d  
and v i tami n  812 (Stei nbock 1976). 
Cri bra orbitali a. S ix  cases of cribra orbitalia  were noted i n  
the Kaufman-Willi ams skeletons. Of those affli cted , two were sub­
adults , one was female and three were males. Several hypotheses 
have been suggested regarding the etiology of cri bra orbi talia. 
However , at the present ti me i t  i s  felt that some type of nutri ti onal 
def i ci ency i s  the most probable cause of the condi ti on. Both 
v itami n C and i ron def i ci encies have been suggested as possi ble 
producers of cri bra orbitalja (Steinbock 1976). 
Transverse li nes . All of the long bones of the subadults i n  
the group between Buri als 1 and 57 were x-rayed. Thus , 20 of the 21 
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subadults were x-rayed. In this group the long bones of only two 
individuals showed evidence of transverse lines. In both cases the 
tibiae were the bones affected. Burial 37 (the hydrocephalous child) 
had three transverse lines on the distal tibiae. Burial 49 had four 
transverse lines on the proximal tibiae. All of the lines were very 
faint. 
Transverse lines are thought to represent periods of renewed or 
increased growth following periods of inhibited bone growth . Thus, 
they are fanned only in growing bone even though the lines themselves 
are sometimes visible in adults as well as ch i ldren. The lines have 
generally been attributed to the effe�ts of stress due to nutritional 
deficiency or disease (Steinbock 1976). However , Gindhart (1969) 
recorded the development of transverse lines followi_ng a disease 
episode in only approximately 25% of the children she studied. · 
Furthennore , she noted that almost all of th e subjects in h er study 
had lines at some time. Even though the association between disease 
and line fonnation is high, th ere is a low predictability of line 
fonnation . The frequency of occurrence is much higher in males, but 
the l ines tend _ to persist longer in females ( Gindhart 1969 ) . 
The low incidence of transverse lines noted in the Kaufman­
Williams skeletons suggests that the children were not subj ected to 
especially severe environmental insults. 
Dentition. Dental pathologies occurred commonly in the 
Kaufman-Williams population. Those found included caries, broken 
teeth in conjunction with caries, abscesses, and peridontal disease .  
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Tab le 1 2  s hows the frequency of occurrence of cari es , b roken teeth , 
and abs cesses al ong with the numbe r of  teeth wh i ch we re l ost ante­
mortem. Th e femal es had a s l i gh t ly h i gher i nci dence of th ese 
condi t i on s  than the ma l es .  The pos teri or denti t i on , especi al ly  th e 
th ree mo l ars , was more affected by den tal di sease th an was th e anter i or  
dent i t i on .  Among the ma l es M l  was the tooth mos t affected by denta l  
di sease .  M2 was the mos t di seased tooth on  the ri gh t  s i de of  the 
mouth wh i l e  Ml was most  affected on th e l eft s i de among the fema l es .  
Ten s ubadu l t teeth con ta i n ed cari es . Go l dste i n  ( l948) fel t  th at the 
East  Texas I n di ans were th e mos t  sus cepti b l e to de ntal di sease of 
al l th e Texas I nd i ans beca use of th ei r agri cul tural l i feway . 
Th i rteen i ndi vi dua l s had maj or bui l dups of tartar on one o r  
more teeth . Agai n ,  the pos teri or teeth were mos t  seri ous l y  affected .  
Severe attri t i on was no ted on th e teeth of  7 ma l e s a n d  1 3  
fema l es ; th us , 2 7% of  the popul ati on had severe ly  worn teeth . I t  i s  
l i ke ly th at the s l i ght ly l onger l i fespan noted i n  th e femal es was 
res pons i b l e  for th e h i gh er i n ci dence of severe wear i n  that g roup . 
E l even ma l es and 1 0  fema l es ( 28% ) had teeth wh i ch were moderate ly  
worn . The g ro up whose teeth sh owed only s l i gh t  wear i ncl uded  e i gh t  
mal es , fi ve fema l es , an d seven subadul ts . Gol ds te i n  ( 1 948) noted 
prono unced wea r  among 1 7% of th e East Texas sampl e he studi ed .  
Th i rty-s i x  percent of h i s  samp l e h ad mode rate ly wo rn teeth . 
Fi ve congeni ta l anomal i es as soci ated wi th the teeth were noted .  
Buri al s  2 an d 5 ,  both ma l e s ,  h ad  peg-sh aped th i rd mol ars o n  both 
s i des of th e maxi l l a . · Th ese two i nd i v i dua l s  were buri e d  i n  the 
Maxi 11 a 
Mandi bl e 
Maxi H a  
Mandi bl e 
TABLE 12 
FREQUENCY OF COMMON DENTAL PATHOLOGIES IN THE KAUFMAN-WILLIAMS SKELETAL MATE RIAL 
Mal es (26) 
ri gh t l eft 
M3 M2 Ml PM2 · PMl C L I  C I  C I  L I  C PMl PM2 Ml M2 M3 Total 
4C 5C 2C 6C 4C 2C 2C 4C l A  4C 4C l C  5C 4C 3C 50C 
5AM 38 2A 7AM 2A 1 B  1 B  1B . l A  28 l A  18 1B 4AM 1 08 
5AM 8AM l A  l A  3AM 4AM 3AM BA 
39AM 
4C 5C l C  l C  1B 1AM l C  2AM ·l C l C  4C 3C 6C 4C 3C 40C 
l A  6C l A  l A  1 B  2AM 3AM 1AM l A  2AM l A  1 B  .6A 
8AM 7AM 9AM 3AM l A  7AM 9AM 10AM 65AM 
1AM 
Fe ma 1 es ( 2 8) 
M3 M2 Ml PM2 PMl C L I  C I  C I  L I  C PMl PM2 Ml M2 M3 Total 
l C  3C 3C 3C 4C 38 2C 2C 3C l C  2C 2C 5C 2C 5C 3C 41C 
1 B  1B 28 18 l A  28 18 l A  1B 48 18 1B 3A 18 208 
7AM 7AM 6AM 6AM 28 1AM l A  1AM 1AM 5AM l A  2 8  4AM 6AM 7A 
3AM 1AM 3AM 5AM 55AM 
3C 7C l C  5C 5C 3C l C  l C  3C 3C 3C SC 6C 3C l C  50C 
1 B  1B 1B 1B 1 B  3AM 3AM 2AM 1 B  1B 28 18 28 128 
5AM 5AM 9AM 3AM l A  1AM 2AM 1AM 2AM 6AM 9AM 6AM 9AM l A  
2AM 68AM 
"° 
.,::. 
M3 M2 Ml DM2 DMl C 
Maxi  11 a l C  l C  l C  
Mandi bl e l C  1 B  
C - caries 
B - broken teeth 
A - Abscesses 
AM - antemortem tooth l oss 
'-
TABLE 12 (crinti nued ) 
Subadul  ts (21) 
L I  C I  C l  L I C DMl 
l C  
l C  
DM2 Ml 
l C  
l C  l C  
M2 M3 Total 
I..O 
(.)"1 
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cemetery area associated with House Pattern 1; therefore, it is 
possible that they were related. Burial 46 had an extra premolar on 
the left maxilla. The tooth row was not crowded. Burial 52 had a 
supernumerary peg-shape lateral incisor on the right side of the 
maxilla. In this case the tooth row was crowded, and the canine, 
first and second premolars were out of alignment. A central incisor 
was congenitally missing from the right side of the mandible of 
Buri al 63. 
Summary . The two most serious problems associated with the 
Kaufman-Williams people (a·s reflected in their bones) were dental 
wear and disease and arthritis. Both severe dental wear, including 
loss of many teeth antemortem, and caries associated with both 
broken teeth and abcesses were serious afflictions affecting many 
people. In most cases these problems became more severe with 
increasing age. Degenerative arthritis also was more severe in older 
individuals. Twenty-seven individuals were afflicted to varying 
degrees. With the exception of one congenital hip dislocation, the 
congenital anomalies found in the group would have taused little or 
no problem to the individuals who had them . Several fractures were 
noted. The bones involved healed adequately and assumed near normal 
form. Cribra orbitalia in six individuals and porotic hyperostosis 
in one child suggested that the population was under some nutritional 
stress. 
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Burial Position and Grave Associations 
The most comnon burial position util ized at Kaufman-Wil l iams 
was the extended burial .  Al l burial s  were singl e internments with 
the exception of two femal es who were buried with infants. Two 
intrusive burial s were encountered; Burial 22 had intruded upon 
Burial 23 (see Figure 6H) . Burial 65 intruded over part of Burial 
66. Onl y one burial , Burial 59 , was buried in a position that coul d 
be cl assed as anything other than a variant of the extended position. 
This burial was in a semifl exed position l ying on the right . side at 
a depth of 28 inches; according to Perino ( personal conununication) 
the individual appeared to have been buried in a hurry. No 
artifacts were found in the grave. 
Several variations of the extended position were noted , 
however . Burial 20 (see Figure 6E) was buried partia l l y  turned to 
the side rather than on the back as the other burial s were. The knees 
of Burial 46 (see Figure 68) were sl ightl y  bent , but they were not 
contracted sufficient ly  to cl assify the burial as semifl exed. The 
l egs of Burial 70 were crossed at the ank l es .  
One of the most interesting burial s  was the doubl e burial of 
41 a and 4 1 b. An adul t femal e was buri ed in what can best be 
described as a spraw l ed position. The l eft arm and l eg were thrown 
to the side in an awkward configuration ( see Figure 6A) . The skel eton 
of a newborn infant was between the l eft el bow and knee. The other 
femal e  buried with an infant (Burial s 31 a and 31 b) was in an extended 
position. The infant lay on its right side on the femal e 1 s l eft arm 
· from the shoul der to the pel vis . 
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Figure 6 .  �epresentative Burials from the Kaufman-Williams Site. 
Some of the variations noted in the burials from the Kaufman­
Williams Site are : (A ) Burial of female ( fo sprawled position ) 
with a newborn infant, (B) Extended position with knees slightly 
bent and hands resting on pelvis, (C )  and (D) Extended position 
with placement of grave goods around the head and shoulder area, 
(E ) Extended burial turned to one side with the arms folded toward 
the face, (F) Child buried with a dog, (G) Extended burial with 
head turned toward the side and with arms extended along side the 
body, and (H) One of two intrusive burials. 
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One internment (Burial 53) consisted of the single skull of a 
subadult, 12-17 years old . Since the Caddo· occasionally buried the 
skulls of their enemies alone (without any postcranial bones) (Harris 
1953), it is possible that the skull represented a 1 1 trophy . 1 1  However, 
the shallow depth of the burial (only 8-12 inches below ground) and 
the fragmentary nature of the skull suggested that perhaps the burial 
was plowed up by fann equipment and lost . No marks of violence were 
found on the skull . 
Ann position tended to vary slightly amo.ng the burials . The 
most common position was extended along the side of the body (see 
Figure 6G) . Other positions noted were : ( a) anns extended with the 
hands resting on the pelvis (see Figure 6B), (b) the arms flexed 
with the hands resting near or against the face, (see Figure 6E), 
and (c) one ann extended while the other rested on the stomach area . 
The lower right ann and the right hand of Burial 52 were under the 
pelvis. Rodent action had displaced bones in several instances .  
The Caddo occasionally buried dogs with their children as illustrated 
by Burial 57 (see Figure 6F) . The dog skeleton was found about a 
foot from the right lower leg of the child and about four inches 
deeper . Burial 12 also contained fragments of dog bone . Separate 
dog burials were also found . 
Only 9 of the 73 graves excavated did not contain grave goods . 
Of these, Burials 3, 4, and 5 showed evidence of previous disturbance 
and had, therefore, probably been "potted . "  Burials 29, 50, 53, 59, 
61, and 70 appeared not to have been previously disturbed . It seems 
likely that those individuals were buri ed without buri al offerings . 
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W ith i n  that group the re was one fema l e ,  two s ubadu l ts ( one was the 
i so l ated sk ul l buri al ) ,  and three ma l es . 
The mos t common offeri n g i nc l uded i n  the g rave was pottery ,  
and i t  was most frequent ly pl aced about the head and s hou l de rs ( see 
F i g u re 68 , C, D ,  G ,  H ) . Grave goods were l es s  common ly pl aced about 
the l ower body. Tabl e 1 3  shows the grave good types as di stri buted 
_by sex .  
There were n o  sto�e tool s o r  tool pre forms associ ated wi th 
femal es . Th ose found wi th subadul ts probab l y  were buri ed wi th the 
mal e  ch i l dren . However ,  th ere was no way to prove th i s  s i nce the 
s ubadul ts were not sexed .  Th ere were seven bone too l s fo und wi th 
TABLE 1 3  
TYPES OF GRAVE GOODS DISTR IBUTED BY SEX 
Bone La rge Stone 
Shel l Bone Tool s ,  Sherds Too l s 
or Shel l Bone of  or  
Group Potte ry Ornaments Ornaments Si ngl e Pots Preforms 
Ma l e s 84 1 6  3 1  7 74 
Fema l es 1 0 1 2 7  7 2 0 
Subadul ts 31 32 0 3 1 0  
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females. Six of these were deer jaw picks ( or sickles ) ; one was 
described as a deer ulna tool. Pottery was more often found in 
quantity with the females ; the children were buried with the fewest 
grave goods. In addition to .the artifacts shown in Table 13, three 
other art ifact types were found with males. Red ochre was buried 
with one individual. Three clay pipes and one strike-a-lite 
were found. 
Burials at Kaufman-Williams were found to a depth of 80 inches. 
Conversely the most shallow grave was only eight inches below 
ground level. The average of the 73 graves was 39 inches. All of 
the burials except 2 were placed with the head within 40 ° north of 
east and 30 ° south of east. Two chi 1 dren, Buri a 1 s 55 and 56 ( from 
House Area 2) ,  were buried with their heads facing 10° south of 
west. 
Thus, the most corrunon burial position among the Caddo was the 
extended burial with the head toward the east. Most graves contained 
burial offerings with pottery being used most frequently. Stone 
tools were found only with males and subadults. 
CHAPTER 5 
CRAN IAL DE FO RMATION 
Introduction 
One of the first historical refere nces to intentional cranial 
deformation among the southeas te rn  Indians was by Garcilaso de la 
Vega in 1723. His description of the Indians who resided in 
southern Arkansas near Hot Springs was reproduced by Swanton 
( 19 46 : 5 37) : 
Both rren and women have ugly faces, and though they are 
well proportioned they deform themselves by deliberate 
distortion of their persons. Their heads are incredibly 
long and tapering on top, being made thus artificially by 
binding them up from birth to the age of nine or ten. 
Many of the skulls found on Caddoan sites from both the Gibson 
and Fulton Aspects were intentionally deformed ; however, the custom 
apparently died out about the time the French entered Louisiana 
near the end of the seventeenth century (Swanton 1946) . An anonymous 
rremoir printed at Luxemburg prior to 1718 described defonnation 
among the Natchez (close neighbors of the Caddo) as fol lows : 
They have . . .  their heads pointed and shaped almost like 
miters. They are not bo m so ; this is a charm which is given 
them during their early years. What a mother does to the head 
of her infant in order to force its tender bones to assume 
this shape is almost beyond belief. She lays the infant on a 
cradle, which is nothing more than the end of a board on which 
is spread a piece of animal skin; one extremity of this board 
has a hole in which the head is put and it is lower than the 
rest. The infant being laid down on this entirely naked, she 
pushes the back of its head into this hole and applies to it 
on the forehead and under the head masses of clay which she 
binds with all her strength between two 1 ittle boards. The 
i n fan t c ri es , turns co mp 1 e te 1 y b 1 a ck , and th e st r a i n i t i s 
made to suffer is such that a white, slimy fluid is seen to 
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come out of i ts nose and ears at the . ti me when the mother 
presses on i ts fo rehead. I t  sleeps thus every . ni ght until 
i ts skull has taken on the shape prescri bed by custom . . . . 
(Swanton 1946 : 5 37-538) 
Crani al deformation among the Indi ans of the southeastern 
Uni ted States was also descri bed by Adai r who wrote : 
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. . .  The Indi an nati ons , round South Caroli na , and all the 
way to New Mexi co , . . . to effect thi s ,  fi x the tender infant 
on a ki nd of cradle , where hi s feet are ti lted , about a foot 
hi gher than a hori zontal posi ti on ,  . . .  hi s head bends back 
i nto a hole , made on purpose to recei ve i t , where he bears 
the chi ef part of h is  wei ght on the crown of the head , upon 
a small bag of sand , wi thout betng in  the least able to move 
hi mself. The skull resembli ng a f i ne carti laginous substance , 
i n  i ts i nfant state , i s  capable of taking any i mpressi on .  
By thi s pressure , and their thus flattening the crown of 
the head , they consequently make thei r heads thi ck ,  and the i r 
faces broad : for when the smooth channel of nature i s  stopped 
in one place , i f  a destructi on of the whole system does not 
thereby ensue , i t  breaks out in a proportional redundancy i n  
another (Adai r 1775 :9-10). 
Cl assi fi cati on of Deformation 
Since many Ameri ndi an groups in both North and South Ameri ca 
i ntenti onally deformed the crani a of thei r children , the subj ect of 
deformati on has rece ived considerable attenti on from physi cal 
anthropologi sts. Classi fi cati on of the var ious types of deformati on 
has been an i mporta�t aspect of these studi es. Dembo and l mbelloni 
(1938) produced a noirenclature and classi fi cati on system that i s  
wi dely used today especi ally in Mesoameri ca and i n  South Ameri ca 
( Romero 1970; Gi 11 1971). Two 1 a rge groµps of deformati on ,  tabul a.r 
and annular , are di stingui shed; each of these is  then further 
subdi vi ded i nto ei ther obli que or erect, dependi ng upon the di rection 
of the deformi ng pressure . The di sti ncti on between the two groups 
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depends upon the type of deforming apparatus that was used . Tabular 
deformation was produced in one of two main ways: (a) by applying 
free tablets (boards , sandbags , etc . )  to the head in a transverse 
direction and pressing them together by means of ropes tied around 
their ends , or (b) by the use of one free and one fixed tablet (the 
cradleboard) with the former tied to the latter . This type of 
deformation generally produced flattened areas on particular skull 
surfaces . Annular deformation was produced by wrapping a band around 
the head; this method left no marks of flattening on specific regions 
of the skull . The subgroups , oblique and erect , are determined by 
placing the skull in the Frankfurt Horizontal . If the general axis 
of the crania.1 mass forms an angle greater than 120° , the skull is 
classed as 1 1oblique . 1 1  If the angle is less than 120° . the skull is 
1
1 erect1 1 (Dembo and Imbelloni 1938) . 
In the United States the classification presented by Neumann 
( 1942) has been more widely used (see Figure 7) . Actually the 
classification systems of Dembo and Imbelloni ( 1938) and of Neumann 
( 1942) are somewhat interchangeable . Tabular oblique corresponds 
with parallelo-fronto-occi pital and tabular erect i s  comparable to 
occipital , fronto-parieto-occi pital and fronto-vertico-occipital . 
Deformation at Kaufman-Wi 11 i ams 
Fifty-six of the 75 skulls from Kaufman-Williams were 
sufficiently well preserved to ascertain the type of cranial 
deformation that was present. Only two of Neumann I s defonnation 
types (Neumann 1942) were observed in this group . Burial 11 , a male , 
O b e l i o n ic N atu ra l  L a m b d o i d  
1 0 7 
Ar t  i f i c  i a  I Lam bc;f.o i d  
O cc i p i ta l  B i f rant o - Occ i p i ta l  Fran ta- Pa r i eto - Oc c i p i t a l 
F ronta- Ve r t i co -Occ i p i t a  I Pa ra I l e lo- Fro nto-Occ i p i t a l  
Figure 7. Types of Artificial Cranial Deformation in the 
Eastern United States. 
Source : Neurrann · (19 42 : 307) 
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and Buri al 21 , a s ub adult, exh i b i ted fronto-vertico-occi pi tal 
deformation ; i n  both cases the skulls were moderately deformed. The 
rema i ning 54 skulls were deformed i ry  the parallelo-fronto-occi p i tal 
type. Thus, 96. 4% of the observed cran i a  exh i b i ted the same type 
of defonnati on. Thi s  strengthens support for the suggesti on by 
Gregory (1963) that the deformati on represented a certai n  standard 
of beauty among the Caddo . G i ll (1977) postulated a simi lar 
hypothesis  regardi ng Mesoameri can Indi ans. 
The Kaufman-Wi lli ams skulls we re subj ecti vely class if ied i nto 
three deformation classes (sli ght, moderate, and extreme) accord i ng 
to th e  extent the skul 1 seemed to devi ate from a norma 1 s kul 1. 
Column 3 in  Table 14 i ndi cates the subj ect i ve classificati on for 
each skull. Si nce conclusi ons were to be made b ased upon the amount 
of deformati on, i t  was desi rable to quanti fy the deformati on and 
cluster the skulls usi ng actual measurements. Two ratios, called 
the Fron ta 1 Defonnati on Rati o ( FDR) and the Occi p i  ta 1 Deformation 
Rati o (ODR) were developed to help quanti fy the extent of flattening 
of the frontal and occi pi tal bones , respecti vely. A descri pti on of 
these defonnati on indi ces was g iven i n  Chapter 3, and the values 
of these rati os for each skull are presented i n  Table 14. The 
smaller numbers i ndi cate a more flattened (deformed) bone. 
The FDR i n  thi s  study is  i denti cal to the Frontal Index ( FRI) 
descri bed by Howells ( 1978) and used earli er by others. In hi s 
1978 paper he compared the amount of frontal flatness occurri ng i n  
undefonned popul ati ans al 1 over the world ; he recorded va 1 ues of 
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TABLE 1 4  
CLASSIFICATION INTO DE FORMATIQ� GROUPS 
Subj ec tive Fuzzy final 
Buri al Deformation Fron ta 1 Occipital Isodata Group C 1 ass i-Number Sex Group Ratio Ratio Group fication 
1 M M oderate 1 8. 1 4  26. 72 Moderate · Moderate 
2 M Moderate 1 8.78 29.66 Moderate Moderate 
3 F Moderate 1 9.91 Moderate 
4 M Sligh t 23.08 32. 87 Sligh t Sligh t 
5 M Extreme 1 6.67 23.28 Extreme E xtreme 
6 M Moderate 1 7. 12 25. 97 Moderate Moderate 
7 M E xtreme 1 5 . 09 24.63 E xtreme Extreme 
8 F Extreme 1 6. 83 25.87 E xtreme Extreme 
1 0  F Moderate 20.83 27 .57 Moderate Moderate 
1 1  M Moderate 1 7  .65 27.78 Moderate Moderate 
1 3  F Sligh t 21 .93 36.00 Sligh t Sligh t 
1 4  M Modera te 1 6. 82 Moderate 
1 5  F Sligh t 1 9.44 Slight 
1 9  F E xtreme 1 4 . 04 25. 12 E xtreme Extreme 
20 M Moderate 1 3. 91 27.48 E xtreme Extreme 
21 SA Moderate Moderate 
22 F E xtreme 1 6.50 28.05 Extreme Extreme 
24 F Moderate 20 . 2 8 28. 1 0  M oderate Moderate 
26 M E xtrerre 1 5. 04 25 . 47 E xt reme E xtreme 
27 SA Moderate 1 9. 1 6  Moderate 
28 M Sligh t 20.80 26. 55 Moderate Moderate 
30 M Extreme 1 3. 82 25. 1 1  E xtreme E xtreme 
31 F E xtreme 1 5 . 38 25.69 E xtreme E xtreme 
32 F Extreme 1 5 . 04 26. 84 Extreme E xtreme 
33 SA Sligh t Sligh t 
34 SA S 1 i gh t 22. 22 28. 1 1  Sligh t 
35 F E xtreme 1 6. 80 27. 12 E xtreme E xtreme 
36 F Moderate 1 4. 36 Moderate 
37 SA E xtreme 1 5. 1 5  E xtreme 
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TABL E 1 4  ( cont i n ue d )  
Fi na l 
Subj ect i ve Fuzzy Group 
B uri a l  De fo nnati on Fran ta l Occi p i ta l I sodata C l as s i -
N umbe r Sex Gro up Rati o Ra ti o Group fi cati on 
38 SA Mode rate 1 9 . 1 8  33 . 9 3 Mo.de rate 
39 F Mode rate 2 1 . 5 7  29 . 85 Mode rate Mo de rate 
40 F S l i gh t  20 . 09 2 8 . 02 Mo de rate Mode rate 
41  F Mode rate 20 . 75 2 8 .  1 8  Mode rate Mode rate 
42 F Mode rate 1 5 .  89 2 7  . 65 Ext reme Ext reme 
43 F Ext reme 1 5 . 8 1 26 . 9 4 Ext reme Ext reme 
44 F Mode rate 20 . 69 25 . 9 1 Mo de rate Mode rate 
45 M Mode ra te 1 4�.'.81 2 8 .  1 4  Ext reme. Extreme 
46 M Ext reme 1 5 . 0 7 2 1 . 46 Extreme Ext reme 
47 M E xtreme 1 4 . 42 25 . 1 1  Extreme Extreme 
48 F Ext reme 1 3 � 39 26 . 55 E xt reme Ext reme 
5 1  F S l i ght  20 . 3 7 34 . 1 5  S l i gh t  S l i gh t  
52 M S 1 i gh t 20 . 9 1  2 7 .  39 Mo de rate Mode ra te 
58 M Mode rate 1 5 . 92 29 . 39 Mode rate Mode rate 
59 M S l i ght 22 . 9 1 32 . 6 3 S l i ght S l i ght  
60  M Mode ra te 1 7 . 96 . 24 .  5 7  Mode rate Mo de rate 
6 1  M Ext reme 1 3 . 85 24 . 1 5  Extreme Extreme 
62  M Ext reme 1 7 . 92 2 3 . 28 E xtreme Extreme 
6 3  M Sl i ght 2 3 . 85 Sl i ght  
64  F S l i ght S l i ght 
66 M Mode rate 1 8 . 0 1  22 . 81  Extreme Ext reme 
6 7  F Extreme 1 6 . 00 26 . 32 Extreme Extreme 
68  F Ext reme 1 7 . 1 4  2 3 .  2 1  E xtreme Extreme 
70 M Extreme 1 5  . 35 2 4 .  98  Extreme Ext reme 
71  F Mode rate 1 9 . 2 3 2 7 .  1 4  Mode rate Mode rate 
72 F Extreme 1 8 . 69 2 3 .  1 9  E xtreme Extreme 
73 F Extreme 1 5 .  1 8  2 4 .  ·1 2 Ext reme Ext reme 
SA - Subadu l t 
1 1 1  
the FRI ranging from a minimum of 15. 4 on a Moriori skull to 30. 6 .  
The mean values given in his paper for males in certain American 
Indian groups were: Arikara 19 . 48, Peru 20.90, and Santa Cruz 
Island 21. 71. In  the Kaufman-Will iams sample the lowest FDR was 13. 39 
on Burial 48. The average values of the FDR were 16. 72 for males 
and 15 .98 for females in this population, and the combined average 
for males and females was 16. 33. These values suggest a greater 
flattening of the frontal bone in the Kaufman-Williams population 
than' in the other Amerindian populations cited by Howells. Only 16 
skulls in the Kaufman-Williams collection had a FDR above 19. 48 
which was the mean cited by Howells ( 1978) for the Arikara. No 
population comparisons can yet be made on the ODR since this ratio 
is no..t a standard measurement. 
Since the FDR and ODR appeared to be valid measures of defonna­
tion, they were used as features for clustering the skulls using 
the Fuzzy Isodata algorithm. A brief description of this process was 
given in Chapter 3. The results of clustering the skulls into three 
defo nnation classes (slight, moderate, and extreme ) based on the 
defonnation ratios is given i� the sixth column of Table 14. 
Subadults and skulls lacking crucial measuring l andmarks were 
delected from this cluster program. Males and females were clustered 
separately. 
The two methods of classification , the visual and quantitative , 
are in remarkable agreement. Of course, th ere are discrepancies ; 
Burials 20, 28, 40, 42, 45, 52, and 66 had to be re-examined. The 
quantitative evaluations pointed out the fact that occipital 
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defonnati on had been less heavily weighted in the subjective group­
ings than frontal deformation. The cluster analysis of the males 
provided a more scattered array with more poorly defined borders than 
did the female cluster (see Figure 8) . This probably underscores the 
reason there were more discrepancies between the quantitative and 
visual classifications in the male group. 
The Fuzzy Isodata clusters were accepted and have been used in 
the remaining discussion in this chap�er. Both deformation ratios 
could be calculated on only 22 males and 22 females so the 
quantative groupings were restricted to these 44 crania. The 
remaining skulls were classified using visual classification. The 
final three-group classi fication for all of the skulls is given 
in the last column of Table 14. 
A compari son of the deformation classes with the quantity of 
pottery found with the burials produced no obvious pattern (see 
Table 15) .  Thus, even though the quantity of pottery included with 
the burials probably does not provide an adequate measure of wealth 
or status, it should be noted that there is no apparent relation 
between the number of pots and deformation. 
The frequency of the three defonnation types during the early, 
middle, and late time periods (as delineated by pottery types) is 
shown in Table 16. Even though it appears that there is a slightly 
higher number of deforrred skulls associated with the early peri od, 
this pattern may be because of the increased number of burials 
attributed to the early period (see Table 1 ,  page 19) . In speaking 
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The three deformation cl asses are noted with solid 1 i nes; two 
deformation classes are represented by the broken lines. 
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TABLE 15 
POTTERY ASSOC IATIONS BY DEFORMATION CLASSES 
Group Number Deformation Class Pots per Person 
Males 3 Slight 2. 33 
9 Moderate 3. 33 
12 Extreme 3. 42 
Females 5 Slight 4. 20 
8 Moderate 3. 13 
13 Extreme 4 .  15 
Subadul ts 2 Slight 2. 50 
3 Moderate 1. 67 
1 Extreme 1. 00 
about defonnation among the Caddo in Louisiana , Swanton (1946 :537) 
says 1 1 • • •  that when the French entered Louisiana at the end of 
the seventeenth cen�ury the Caddo seem to have given up the 
custom . . .  1 1  Apparently, such was not the case at Kaufman-Williams 
because even though extreme deformation may have occurred l ess 
frequently during the late period it was still found among crania 
attributed to the 1650-1700 A. O. period. 
Methods Employed in Defonning Skulls 
Swanton (1946) quoted several historical sources regarding the 
method used to deform the cranium. Boards , masses · of clay, and bags 
of sand were mentioned in several of the ethnohistorical accounts . 
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TABLE 16 
DEFORMAT ION PATTERNS THROUGH T IME 
Defonnati on Unknown Early Middle Late 
Group Number Class Period Period Period Period 
Males 3 Slight 2 0 0 1 
9 Moderate 0 2 2 5 
1 2  Extreme 2 7 0 3 
Females 5 Slight 1 1 1 2 
8 Moderate 0 3 3 2 
1 3  Extreme 0 6 4 3 
Subadults 2 Slight 2 0 0 0 
3 Moderate 0 1 1 1 
1 Extreme 1 0 0 0 
These were secured in place with deerskin thongs. Since the most 
common defonnation type noted among the Caddo in both the prehistoric 
and hi storic pen, ods was parallelo-fronto-occipital deformation (see 
Figure 9A) ,  it is likely that the same methods were employed pre­
historically as histori cally . Therefore, analysis of the ethno­
historic accounts coupled with study of the marks left on the bones 
by the defonning device should provide accurate suppositions about 
the methods · used. 
Two boards were used to achieve parallelo-fronto-occipital 
deformation. The cradleboard served as a rest for the occiput ; 
Figure 9. Effects of Deformation upon Crania from the 
Kaufman-Williams Site. 
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Some of the manifestations of parallelo-fronto-occipital 
defonnation that were noted on the crania from Kaufman-Williams are : 
( A) Side view of Burial 46 , an extremely deformed individual, 
( B) Front view of Burial 35 showing depressed ridge , caused by the 
deforming device , just posterior to the coronal suture ,  ( C) Flattened 
areas on the frontal and parietals caused by the deforming device 
( B urial 1 9) ,  ( D) Wormian bones in the lambdoidal suture ( Burial 27), 
(E) Depressions on skull of Burial 58 ca used by deforming device , 
( F) Posterior view of Burial 35 showing the depressed ridges just 
posterior to the coronal sutu re. 
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Figure 9. 
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bags of sand or  pieces of clay may have been placed near the base 
of the occiput to produce a more pronounced deformity. The second 
board was strapped in pl ace over the frontal portion of the skull . 
Greater frontal deformation. was probably achieved by placing sand 
or clay beneath the board (Swanton 1946). Figure 9C illustrates 
the flattened areas on portions of the skull caused by the deforming 
device . Figu re 1 0  shows the possible appearance of such deforming 
devices . 
The placement of the straps used to support the frontal board 
against the cradl eboard probably varied from individual to 
individual . Several of the crania have depressions on them which 
appear to have been made by thongs or  by knotted thongs. Burial 58 
has three rather deep depressions on the rear of the skull which 
appear to have been caused by three large knots resting on the 
bone (see Figure 9E). On the other hand , some skulls appear to have 
had a single thong running down the sagittal sutu re to hold the 
defonni ng device in pl ace. 
A slight variant of parallelo-fronto-occipital deformation 
involved the formation of a coronal 1 1 saddle 1 1  or ridge. This ridge 
is usually found just posterior to the coronal suture. It was 
probably produced by means of an elongated 1bag of sand (or clayl 
being strapped transversely across the skull near the coronal suture 
and held in place by the board on top. Figures 98 and 9F  illustrate 
this ridge. 
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A .  Front vi ew 
B .  S i  de v i ew 
Fi gure 1 0 .  Pos s i b l e Appe arance of  the Deformi ng Devi ce Used by 
the Caddo I n di ans . 
1 20 
The high incidence of wonnian bones noted in deformed skulls 
(Figure 90) has been attributed by Bennett (J 965) to stress caused 
by the defo nni ng device . 
Summary 
Intentional cranial deformation among the Caddo Indians was a 
very common practice. Since the practice was so widespread in both 
space and time and since parallelo-fronto-occipital deformation was 
the most common type throughout the area , it is likel y that a 
deformed skull was considered attractive. The practice of the custom 
was undoubtedly left up to the individual family because there are 
varying degrees of deformity. Furthermore, differential markings on 
the skulls suggest ·that several methods were employed to achieve 
s i mi 1 a r res u 1 ts . 
Among the Indians from Kaufman-Williams the percentage of 
extremely deformed females was slightly higher than that of males. 
No association was found between the severity of deformation and the 
number of pots included as grave offerings . Furthermore , no evident 
changes occurred in  the amount of deformati on through time. 
CHAPTER .6 
ANALYS I S  OF THE METRI CAL DATA 
Mean Measurements 
All of the cranial and postcranial measurements for both the 
males and females are summarized below. Table 17 provides the summary 
statistics for the male cranial measurements; Table 18 concerns the 
postcranial measurements. Table 19 and Table 20 deal with the 
female cranial and postcranial measurements, respectively . It must 
be stressed that the cranial measurements and indices. are reflecti ans 
of various degrees of artificial cranial deformation . This factor 
must be considered when any comparisons are made with other popula­
tions. 
,) 
Postcranial Analysis 
The analysis of postcranial osteometrics involved consideration 
of long-bone lengths , stature estimation , and sexual dimorphism. 
Table 2 1  presents a comparison of the long bone length s from several 
Caddoan Linguistic Family populations.  The left bone measurements 
for the Kaufman-Williams and Leavenworth ( South Dakota) ( Bass et al. 
, 
197 1) samples are gi ven. The fiterature data concerning the other 
three samples (Westbury 1978; Butler 1969 ; Navey 1975 ) made no 
mention of whether right or left bones were recorded. 
The long-bone proportions are about the same for all of the 
groups ; however, the Kaufman-Wi 1 li ams long bones tended to be 
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1 .  
2 .  
3 .  
4 .  
5 .  
6 .  
7 .  
8. 
9 .  
10 . 
11 . 
12 . 
13 . 
14 . 
15 . 
16 . 
17 . 
18 . 
1 9 . 
20 . 
2 1 . 
22 . 
23 . 
24 . 
25 . 
26 . 
2 7 .  
28 . 
C RAN IAL MEASUREMENTS 
Measurement 
Maximum lgt � 
Maxi mum brdth . 
Bas i on-bregma 
Endobasion-nasion 
Endobasion-alv . pt . 
Min . front .  brdth . 
Bizygomatic brdth . 
Nasion-alv . pt . 
Ext . a 1 v .  1 gt . 
Ext . alv . brdth . 
Nasal ht . 
N as a 1 b rdth . 
Biorbital brdth 
Ba- po ht . 
Auricular ht . 
Endob . -gn . 
Na .  -gnathion 
L .  orbital ht . 
L .  orbital brdth . 
Nasal root ht . 
Mi n . n a . b rd th . 
Pori on-nas ion 
Pori on-s ubnasa 1 e 
Porion- prosthion 
Porion-gnath ion 
Symphysis ht . 
Diam. bi gon i a 1 
Diam . bicondylar 
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TABLE 1 7  
(mm)  OF KAUFMAN-W ILL IAMS MALES 
No . of 
Cases Mean SD 
24 1 73 . 13 5 . 58 
24 140 . 54 5 . 89 
22 137 .  23 6 . 00 
22 102 . 2 7  5 .  18 
21  101 . 5 7 7 . 18 
23 92 . 87 4 . 42 
20 134 . 95 . 6 . 91 
22 70 . 68 4 . 64 
22 55 . 41 4 . 65 
22 66. 2 7  4 . 27 
22 51 . 59 3. 08 
22 25 . 41 2 . 06 
2 1  98 . 86 4 . 0 7  
2 1  23 . 67 3 . 83 
22 118 .  36 4 . 87 
2 1  110 . 05 6 . 92 
22 117 . 73 6 .  15 
23 35 . 70 1 . 82 
2 3  42 ; 78 2 .  1 5  
21 17 .  38 2 . 18 
23 10 . 35 1 . 87 
23 90 . 22 4 . 3 7  
22 95 . 36 5 .  76 
22 100 . 86 6 . 49 
22 116 . 2 7  6 . 01 
24 34 . 08 3 . 64 
23 99 . 87 6 . 92 
21  119 .  38 8 . 00 
Me as urerren t 
29 . Ht .  As cen . ramus 
30 . Co rpa 1 1 gt .  go . - gn . 
I ndi ces 
Cran i a 1 i n dex 
Cran i a l modu l e  
Me an h t .  i n dex 
Length h t .  i n dex 
Brdth . h t .  i n dex 
Franta-pari etal  
Uppe r  face i nd .  
Tota l face i n d .  
Nas a  1 i n dex 
Orb i ta l  i n dex 
Pa 1 a ta 1 i n de x 
. ,· Fl atness  c rabase 
TABLE 1 7 ( c·onti nued )  
No . of  
Cases 
24 
24 
25  
24 
24 
24 
24 
24  
22  
2 1  
24 
25  
24 
2 3  
1 2 3  
Mean SD 
58 . 00 4 . 89 
91 . 42 4 . 5 7 
81 . 34 4 . 49 
1 50 .  2 4 3 . 34 
87 . 49 3 . 9 1  
79 . 43 3 . 55 
9 7 . 44 5 . 9 1 
66 . 1 2  3 . 99 
52 . 08 3 . 42 
66 . 65 5 .  1 9  
49 . 9 4 4 .  79 
83 . 6 1 5 . 85 
1 1 9 .  94 1 0 . 9 1 
1 7  . 06 2 . 32 
• 
1 2 4 
TAB LE 1 8  
POSTC RAN IAL MEAS UREMENTS ( mm) O F  KAU FMAN-W I L L I AMS MAL ES 
No . of 
Me as urement Cases Mean SD 
H ume rus 
l .  Max . mo rph . l gt . R 2 3  3 1 9 . 6 1 1 4 . 68 
2 .  Max . mo rph . l g� .  L 22 31 7 .  2 3  1 5 . 2 3 
3 .  Max . di a .  mi ds haft R 23  2 1 . 48 1 . 34 
4 .  Max . di a .  mi dshaft L 22  20 . 9 5  1 . 33 
5 .  Mi n .  di a .  mi dshaft R 2 3  1 5 . 9 1  1 . 24 
6 .  Mi n .  di a .  mi ds haft L 22 1 6  . 1 8  1 . 30 
7 .  Ci rcumfe ren ce R 2 3  62 . 70 4 . 42 
8 .  Ci rc umfe ren ce L 22 62 . 2 7 5 . 00  
9 .  Max . di a .  head R 2 3  44 . 09 2 . 89 
1 0 .  Max .  di a .  he ad L 2 1  44 . 00 3 . 08 
1 1 . H umero- femoral i n dex R 22  71 . 58 2 .  1 8  
1 2 .  H ume ro- femo ra 1 i n dex L 2 1  70 . 64 2 . 04 
Cl  a vi cl e 
l .  Max . l gt . R 22 1 42 .  91  6 . 26 
2 .  Max . 1 gt . L 1 7  1 41 .  76 7 . 29 
3 .  Cl avi cu l o-h ume ral i n dex R 1 6  44 . 6 2 2 .  32 
4 .  C l  avi c u l o-h ume ral i n dex L 20 45 . 0 7  2 .  26 
Femu r 
1 .  Max .  mo rph . 1 gt . R 24 444 . 92 2 3 . 26 
2 .  Max . mo rph . l gt . L 2 3  448 . 1 3  2 3 . 52 
3 .  Phys . l gt .  R 2 3  442 . 6 1 23 . 9 3  
4 .  Phys . 1 gt . L 22 446 . 86 2 3 . 20 
5 .  An t .  pos t di am . mi dsh aft R 24 29 . 38 2 . 02 
6 .  An t .  pos t di am . mi dshaft L 2 3  29 . 78 2 . 34 
1 25 
TABLE 1 8  ( conti nued )  
No . o f  
Meas urement Cas es Mean SD 
Femur ( conti n ued )  
7 .  Trans verse d i  am. mi dshaft R 24 24 . 58 2 . 45 
. 8 .  T rans verse d i  am. mi dshaft L 23  25 . 09 1 .  73 
9 .  Ci r .  mi dshaft R 24 86 . 88 5 . 41 
10 . C i r .  m i  dsha ft L 2 3  87 . 78 5 .  70 
1 1 . Max . di a .  head R 2 3  45 . 09 3 .  86 
1 2 .  Max . di a .  h ead L 2 3  45 . 6 1 2 . 45 
1 3 . P i l astri c i n dex R 24 1 20 .  4 3  1 0 . 2 3 
1 4 . P i l as tri c .  i n dex L 2 3  1 1 9 .  04 9 . 94 
1 5 .  I ndex of  rob ust .  R 24 1 2 . 2 1 0 . 82 
1 6 .  I n dex  o f  rob us t .  L 2 3  1 2 .  3 1  o .  71 
T i bi a 
1 .  Max .  morph . l gt .  R 22 372 . 55 1 9 . 9 1  
2 .  Max . morph . 1 gt . L 2 3  372 . 6 1  1 8 . 9 3  
3 .  Ant .  pos t di a .  n ut .  fo r.  R 2 3  35 . 35 3 . 70 
4 .  Ant .  post  di a .  n ut . fo r. L 24 35 . 71 2 . 56 
5 .  T ran s . di a .  n ut .  for. R 23  23 .  1 7  2 . 48 
6 .  Trans . di a .  n ut .  for. L 24 2 3 . 00 1 . 9 3  
7 .  C i r .  mi dshaft R 22  84 . 77  7 . 45 
8 .  Ci r .  mi dsh aft L 2 3  85 . 6 1  5 . 45 
9 .  Ti b i a- fem i ndex R 22 83 . 96 2 . 29 
1 0 .  T i b i a- fem i n dex L 2 3  83 . 78 3 . 0 1 
1 1 . Cnemi c i n dex R 2 3  66 . 1 2 . 5 . 40 
1 2 .  Cnemi c i n dex L 24 64 . 4 7  4 . 60 
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TABLE 18 (conti �ued) 
No. of 
Measurement Cases Mean SD 
Radius 
1. Max. 1 gt. R 17 247.41 11. 41 
2. Max. 1 gt. L 20 243. 55 11.88 
3. Humero-rad. in dex R 17 77.09 2.05 
4. Humero-rad. index L 18 77 .24 2.05 
U ln a  
1. Max. 1 gt. R 17 263.53 10.98 
2. Max. lgt. L 16 26 1. 19 9. 12 
ScaQula 
1 .  Max. 1 gt. R 2 137.50 17 .68 
2. Max. 1 gt. L 3 143.33 14.01 
3. Max. brdth. R 8 100. 50 5. 35 
4. Max. brdth. L 7 101 . 86 3. 98 
5. Scap. in dex R 2 74.6 6 . 51 
6.  Scap. i n dex L 3 6 9. 74 3. 23 
I nn omi nate 
1 .  · Isch. tub-iliac crest R 19 205.16 10. 51 
2. Isch. tub-iliac crest L 1 8  207. 74 9. 59 
3. ASP-PSP R 1 9  147. 05 9.90 
4. ASP-PSP L 19 148. 58 7.40 
Sacrum 
1. Max. l gt. 15 108. 53 6.  85 
2. Max. brdth. 17 118. 82 7.21 
1 2 7 
TABLE 1 8  (conti nued) 
No. of 
Measurement Cases Mean SD  
Fi bula 
1 .  Max. 1 gt. R 1 1  338. 9 1  34. 05 
2 .  Max. lgt. L 7 334. 5 7  43. 1 7  
TABLE 1 9 
CRANIAL MEASUREMENTS ( mm) OF KAUFMAN-WILLIAMS FEMALES 
Measurement 
1.  Maxi mum 1 gt. 
2. Maximum brdth. 
3. Basion-bregma 
4. Endobasion-nasion 
5. Endobasion- alv. pt . 
6. Min. front. brdth. 
7. Bizygomatic 
8. N as i on . a 1 v. pt. 
9. Ext. alv. lgt. 
10. Ext. alv. brdth. 
1 1 .  Nasal ht. 
12. Nasal brdth. 
13. , Biorbital brdth. 
14. Ba-po ht. 
15. Auri cular ht. 
16 . En dob . -gn . 
17. Na . -gnathion 
1 8. L. orbital ht. 
1 9. L. orbital brdth. 
20. Nasal root ht. 
21. Min. na. brdth. 
22. Porion-nasion 
23. Porion-subnasale 
24. Porion-prosthion 
25. Porion-gnathion 
26. Symphysis ht. 
27. Diam. �ig6nial 
28. Di am. bi condyl ar 
No. of 
Cases Mean 
26 167. 38 
26 136 . 38 
23 132. 00 
23 97. 87 
21 gs·. 48 
26 89. 62 
23 128. 30 
22. 68. 00 
21 54. 24 
21 63. 05 
22 49. 14 
22 26. 32 
20 95. 25 
23 20. 65 
23 11 5. 48 
22 104. 86 
23 1 08 .  74 
23 35. 22 
23 41. 13 
21 16.38 
22 9. 95 
26 86. 23 
22 91 .05 
22 97. 95 
23 109 . 00 
26 32. 65 
26 93. 54 
22 116 . 45 
1 28 
SD  
4. 40 
4. 63 
4. 93 
2. 90 
5. 35 
3. 19 
4. 35 
4. 44 
3. 67 
3. 58  
2. 83 
2. 21 
2. 47 
2. 25 
'4 . 88 
4. 02 
6. 50 
2. 09 
2. 05 
1. 88 
1 . 50 
3 . 27 
3. 70 
3. 96 
3. 92 
3. 01 
4. 55 
5. 33 
Me as ureme nt 
29. H t .  As ce n. � ramus 
30. Ca rpal  l gt .  go . - gn . 
I n di ces 
Crani al i n dex 
C rani  a 1 modul e 
Mean ht .  i n dex 
Length h t .  i n dex 
Brdth . h t .  i n dex 
Fron to - pa ri eta 1 
Uppe r fa ci al 
To ta 1 fa ci a 1 
Nas a l  i n dex 
Orb i ta l  i n dex 
Pa 1 a ta 1 i n de x 
i n dex 
i n dex 
Fl atness  c rabase  
TABLE 19 ( c·on ti n ued ) 
No . of  
Cases 
27 
27 
26 
23 
23 
23 
23 
25 
22 
23 
22 
23 
21 
23 
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Mean SD  
52. 44 4. 35 
87. 48 3. 20 
81. 93 . 4. 66 
145. 41 3. 14 
. 86. 78 2. 79 
78. 84  3. 02 
96. 58 3. 52 
65.92 2. 95 
53. 09 3. 79 
84. 85 5. 86 
53. 66 4. 95 
85. 64 7 . 4 3  
116. 52 8. 75 
- 15 rn 3 1 . 52 
TABLE 20. 
POSTCRAN IAL MEASU REMENTS (mm) OF  KAUFMAN-ijILL IAMS FEMALES 
No .  of 
Measurement Cases Mean s 
H ume rus 
1 .  Max . morph . l gt .  R 24 293 . 1 7  
2 .  Max . morph . 1 gt . L 2 3  290 . 52 
3 .  Max . di a .  mi dshaft R 24 1 9 �83 
4 .  Max .  d i  a .  m i  dsh aft L 23  1 9  . ·30 
5 .  Mi n .  di a .  mi dsh aft R 24 1 4 .  1 7  
6 .  Mi n .  di a .  mi dsh aft L 23  1 4 . 26 
7 .  C i rcumfe ren ce R 24 5 7 .  71  
8 .  Ci rcumfe rence L 2 3  56 . 48 
9 .  Max . di a .  head  R 2 3  38 . 04 
1 0 .  Max . di a .  h ead L 2 3  38 . 30 
1 1 . H ume ro-feroo ra 1 i n dex R 23 71  . 09 
1 2 .  H ume ro- femora 1 i n dex L 20 70 . 06 
Cl avi cl e 
1 .  Max .  1 gt . R 1 4  1 32 .  86 
2 .  Max .  1 gt . L 1 6  1 32 . 44 
3 .  Cl avi cul o-h ume ral i n dex R 1 3  45 . 22 
4 .  Cl avi cul o-h ume ra l i n dex L 1 3  45 . 1 2 
Femu r 
1 . Max .  mo rph . 1 gt . R 25 41 1 . 76 
2 .  Max .  rro rph . l gt .  L 24 4 1 3 . 92 
3 .  Phys . 1 gt . R 25 408 . 24 
4 .  Phys . 1 gt . L 24  4 1 1 . 04 
5 .  Ant .  post di am . mi dshaft R 25 25 . 84 
6 .- Ant .  pos t di am . mi dsh aft L · 24 25 . 79 
1 30 
S D  
1 4 . 49 
1 2 . 66 
1 . 58 
1 . 43  
1 . 1 3  
0 . 96 
4 . 1 8  
3 . 9 3 
1 .  75 
1 . 49 
1 . 82 
1 . 58  
8 . 41  
7 . 04 
2 . 3 3 
2 . 02 
1 5 . 64 
1 5 . 5 1 
1 5 . 4 3 
1 5 . 43 
2 .  36 
2 . 60 
1 31 
TABLE 20 (continued) 
No. of 
M�asurerrent Cases Means SD  
Femur (continued) 
7. Transverse diam. mi dshaft R 25 23. 36 1. 63 
8. Trans verse di am. mi dshaft L 24 23. 54 1. 38 
9. Cir. mi dShaft R 25 78. 36 6. 22 
1 0 .  Cir. midshaft L 24 78.92 5. 74 
11. Max. di a. head R 25 40.40 1. 87 
12. Max. dia. head L 24 40.46 1. 93 
1 3. Pilastric index R 25 110. 88 9. 85 
14. Pilastric index L 24 109 . 62 11. 44 
15. Index of robust. R 25 12.04 0. 65 
16. Index of robust. L 24 12. 01 · 0 . 62 
Tibia 
1. Max. morph. 1 gt. R 21 343. 19 1 3. 92 
2. Max. morph. 1 gt. L 25 345. 32 14.49 
3. Ant. post di a .  nut. for R 21 31. 14 2. 01 
4. Ant. post di a. nut. for L 25 30.96 2. 20 
5. Trans. dia. nut. for R 21 20.90 2. 02 
6. Trans. dia. nut. for L 25 20. 56 1.96 
7. Cir. midshaft R 21 76. 29 5. 90 
8. Cir. midshaft L 25 76. 04 4. 88 
9. Tibia-fem. index R 21 83. 31 1. 62 
10. Tibia-fem. index L 22 83. 26 2. 21 
1 1  Cnemi c i ndex R 21 67. 13 4. 74 
12. Cnemic index L 25 66. 60 4. 89 
Radi us 
, .  Max. 1 gt. R 20 22 3. 85 8.05 
2. Max. 1 gt. L 19 219. 89 6. 50 
3. Humero-rad. index R 19 76. 25 2. 22 
4. Hume ro-rad. index L 17 76. 51 2. 18 
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TABLE 20. ( continued) 
No . of 
Me as u rement Cases Means SD 
Ulna 
1 .  Max. lgt . R 17 244. 94 12.28 
2. Max. 1 gt . L 16 241.38 8.78 
ScaQula 
1 .  Max. 1 gt. R 1 133. 00 0.00 
2. Max. 1 gt. L 2 127.50 3.54 
3. Max. brdt . R 4 90 . 75 4.86 
4. Max. brdt . L 3 90. 33 2.52 
5 .  Scap . index R --
6. Scap . index L 1 70. 40 
Innomi nate 
. 1 .  Isch. tub- i liac crest R 18 194.78 9. 80 
2. Isch . tub- iliac crest L 18 194. 11 10.18 
3. ASP-PSP R 19 143.53 7.40 
4. ASP-PSP L 19 '142. 79 6. 15 
Sacrum 
1 .  Max. 1 gt. 11 105. 82 7 .14 
2. Max. brdth. 13 115.62 4.50 
Fi bula 
1 .  Max . lgt . R 9 329. 78 19.35 
2. Max . 1 gt. L 10 327. 40 11. 45 
TABLE 2 1  
COMPARI SON OF  LONG BONE LENGTHS ( mm . ) AN D I N DI CES OF  VARI OUS GROUPS I N  THE CADDOAN L I NGU I ST I C  FAMILY  
Kaufman Porti on 
Kaufman- Kaufman-Wi l l i ams Eas t Fork 
Bone Sex Wi 1 1  i ams Si te Cooper Lake Tri n i ty Ri ver Leavenworth 
Humerus M 31 7 .  2 3 32 3 .  2 337 . 6  328 . 5 32 1 . 28  
( 22 )  ( 4) (7) ( 4 ) ( 1 8) 
F 290 .  5 2  29 7 . 6  30 7 . 8  30 1 . 0 300 . 6 8 
( 2 3) ( 5 )  ( 5 )  ( 1 ) ( 1 9 )  
Ul na  M 261 . 1 9  254 . 0  2 74 . 4  283 . 0  269 . 50 
( 1 6 )  ( 1 )  ( 5 )  ( 3) ( 1 2 )  
· F 241 . 38 25 1 . 4  2 5 7 . 3 2 35 . 0  250 . 78 
· ( 1 6 ) ( 5 )  ( 3 )  ( 1) ( 9 )  
Radi us M 243 . 55 244 . 0 26 7 .  3 26 1 . 3  255 . 62 
( 20 )  ( 2 )  ( 8) ( 4 )  ( 1 3 ) 
F 2 1 9 .  89 2 34 .  5 2 47 . 2  259 . 0  229 . 75 
( 1 9 )  ( 4 )  ( 5 )  ( 1 ) · ( 1 2 ) 
Femur  M 448. 1 3  441 . 5  478 . 7 460 . 3  449 . 60 
( 2 3) ( 2 )  ( 7) ( 4 )  ( 25 )  
F 41 3 . 92 41 9 . 9  447 . 4 446 . 0 41 8 . 6 3  
( 24 )  ( 1 0 )  ( 5 )  ( 2 ) ( 1 9 )  __, 
w 
w 
TABLE 2 1  ( c·onti nued ) 
Kaufman Po rt i on 
Kaufman- Kaufman-Wi l l i ams East  Fork 
Bone Sex Wi 1 1  i ams S i te Coope r Lake Tri n i ty Ri ver  Leavenworth 
T i b i a M 372 . 6 1 360 . 0  414 . 3 387 . 0  . 384 . 50 
( 23 ) ( 1 ) ( 6 ) ( 3 ) { 24 ) 
F 345 . 32 353 . 6  367 .  4 377 . 0  352 . 5 4  
( 25 ) ( 8) ( 4) ( 2 ) ( 1 3 ) 
Fi b ul a M 334 .  5 7 372 . 0  384 . 0  340 . 6  379 . 9 3  
( 7 ) ( 1 ) ( 1 ) ( 3 ) ( 14 ) 
F 32 7 .  40 340 . 3 352 . 3 360 . 0  346 . 89 
( 10 ) ( 3 ) ( 3 ) ( 1 ) ( 9 ) 
H ume ro- rad i a 1 M 77 . 09 75 . 50 79 . 18  79 . 54 79 . 60 
I n dex 
F 76 . 5 1  78 . 80 80 . 31 86 . 05 76 . 40 
T i b i a-femo ral M 83 . 78 81 . 54 86 . 55 84 . 08 85 . 50 
I ndex 
F 83 . 26 84 . 21 82 . 12 84 . 5 3 84 . 20 
...... 
� 
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slightly shorter in most cases than in the other populations. The 
Humero-radial Index and the Tibia-femoral Index in the Kaufman­
Williams males is midway between those · of the other populations 
surveyed. The indices for the Kaufman-Williams females are slightly 
lower when compared with the other populations. 
Stature estimates for the above-mentioned populations were 
obtained using the formulae of Trotter and Gleser (1952, 1958) for 
White females and Mongoloid males respectively, and of Neumann and 
Waldman (1968) for American Indians. The stature estimates are 
presented in Table 22. The femur was used in calculating a.11 
estimates since the upper limb bones do not produce estimates as 
reliable as the lower limb bones. The tibia was not used since 
different fonnulae req uire that the bone be measured in different 
ways. 
The estimates obtained from Trotter and ,Gleser ' s  and Neumann 
and Waldman's fonnulae differed by as little as 0 . 31 cm. in the 
Kaufman males to as much as 3. 48 cm. in the Cooper Lake males. The 
two female estimates differed by 1 . 52 cm. in the sample from the 
East Fork of the Tri nity River and by 2. 56 cm. in the sample from 
the Kaufman-��illiams site. The females produced a more heterogeneous 
set of estimates in spite of the fact that the Trotter and Gleser 
formu 1 a used was designed for W hite f ema 1 es. 
There is 1 i ttle historical reference to the stature of the 
Caddo Indians. Scurlock (1965) reported that Mooney who visited 
the amalgamated Caddo in Oklahoma in the nineteenth century 
recorded that the C addo were smaller and darker than the neighboring 
TABLE 22 
STATURE ESTIMATES  OF VARIOUS POPULAT I ONS IN  TH E CADDOAN L INGU I ST I C  FAM I LY 
Fo rmul a 
T rotte r an d 
Gl eser  ( 1 958) 
Neumann and 
W a 1 dma n. ( 1 9  6 7 )  
T rotter and  
Gl eser  ( 1 952 ) 
Ne umann an d 
Wa 1 dman ( 1 96 7)  
Mal es  
Kaufman Porti on 
Kaufman- Kaufman -Wi l l i ams 
Wi l l i ams S i te 
1 68 . 9 1 +3 . 80 cm. 1 6 7 . 49+3 . 80 cm . 
66 . 50+1 . 5  i n . 65 . 9 4+1 . 5  i n .  
1 68 . 55 cm . 1 6 7 . 80 cm . 
66 . 36  i n .  66 . 06 i n .  
Coope r Lake 
1 75 .  49+3 ·. 80 cm . 
69 . 09+1 . 5  i n .  
1 72 .  01 cm . 
6 7 . 72 i n .  
Femal es  
1 56 .  33+3 . 72 cm . 1 5 7 .  82+3 . 72· cm . 1 64 . 61 +3 . 72 cm . 
6 1 . 55+ 1 .  46 i n .  6 2 . 1 3+ 1 .  46 i n • 64 . 81 + l .  46 i n .  
1 58 .  89 cm . 1 59 . 6 1 cm . 1 62 . 9 1 cm . 
62 . 56 i n .  62 . 84 i n .  64 . 1 4  i n .  
E as t Fo rk 
T ri n i ty Ri ve r 
1 71 .  53+3 . 80 cm . 
6 7 . 5 3¾- 1 . 5  i n .  
1 69 . 9 3 cm . 
66 . 90 i n .  
1 64 . 26+3 .  72 cm . 
64 . 6 7+ 1 .  46 i n .  
1 62 .  74 cm . 
64 . 0 7  i n .  
Leavenworth 
1 69 . 2 3+3 . 80 cm . 
66 . 60+1 . 5  i n  
1 68. 7 1  cm . 
66 . 42 i n .  
1 5 7 . 49+3 . 72 cm . 
62 . 00+1 . 46 i n .  
1 59 . 45 cm . 
62 . 8  i n .  
__, 
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tribes . However, no measurements were. given th at could be used as a 
comparison with the estimated stature presented here . Therefore, it 
was very difficu lt  to evaluate which fonnulae did in fact provide 
the best stature estimate. Since the Trotter and Gleser formula 
for fema 1 es was developed on a White samp 1 e rather than an American 
Indian sample , it is possible that the Neumann and Waldman formula 
provides the best estimate for the females. 
As a measure of the amount of sexual dimorphism occurring in each 
of the sample populations, the difference in femur length between 
males and females was determined . Femur length was chosen to 
represent sexual dimorphism since Trotter and Gleser (1952) found 
the femur to be best suited for stature reconstruction. One additional 
Arikara population was included in the analysis of sexual dimorphism . 
The Sully site which is located on the east bank of the Missouri 
River about 20 miles north of Pierre, South Dakota , was included 
because it was inhabited just slightly later than the Kaufman-
Williams site . The burials at the Sully site contained a minimum 
quantity of trade goods and have been assigned to the early contact 
period (1700-1750 A . O . ) ( Jantz 19 72) . The measurements used in 
this study were taken by Bass who kindly consented to loan his data . 
The mean left femur length for mal es was 442 . 81 mm . ( sampl e size 32) 
and for females was 406 . 94 ( sample size 18) . The method used to 
calculate sexual dimorphism was discussed in Chapter 3 ,  and the 
res u 1 ts · a re pres en te d i n Tab 1 e 2 3. 
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liABLE 23 
DIFFERENCE BETWEEN FEMUR LENGTHS OF MALES AN D FEMALES 
(Ma 1 e-Fema le ) 
Percent of 
Site Difference Male Mean 
Kaufman-Wil liams 34. 21 7. 63 
Kaufman Portion 
Kaufman-Williams Site 
(1000-1500 A. O . ) 21 . 60 4. 89 
Cooper Lake 
(1200-1400 A. O . )  31 .30 6. 54 
East Fork 
Trinity River 
(900-1600 A. O . ) 14. 30 3. 11 
Leavenworth 
(1803 .. 1830 A. O. )  30 . 97 6 .  89 
Sully 
( 1700-1750 A.  0 . ) 35 . 87 8.10 
Sexual dimorphism has been in vestigated by several researchers 
including Tobias (1972) , Greulich (1951 , 1957 , 1958) , and Dreizen et al . 
(1953 , 1964). Tobias (1972) found that Bushman stature sexual 
dimorphism increased through time . He attributed the difference to 
an improved diet in which mal es were able to achieve more of their 
genetic potential. Greulich (19.51) , in support of Tobias ' reasoning , 
found that even though the growth of school children of both sexes 
in Guam was sl owed after Harl d War II as a result of malnutrition , 
• 
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males suffered more extreme growth retardation. Similarly, Japanese 
males made more spectacular growth gains than females when 
environmental conditions were improved (Greulich 1957, 1958). Dreizen 
et al.  (1953, 1964) also noted more severe retardation in males 
under nutritive stress. These studies suggest that males suffer 
more profound effects from stress than do females. 
The Caddo from Kaufman-Williams were the second most dimorphic 
of the populations considered; however, the small sample sizes found 
in the Butler (1969), Westbury (1978), and Navey (19 75) reports 
have perhaps distorted the findings in these samples . The amount of 
dimorphism found in the Kaufman samples (Butler 1969) and the 
Kaufman-Williams sample is interesting. The Kaufman portion of the 
site was occupied from the eleventh century to possibly as late a� 
1500 A. D. (Skinner et al. 1969). Therefore, the diffe·rence may 
represent a temporal trend toward greater dimorphism or the difference 
may be an artifact of small sample size. Both the Cooper Lake material 
(Westbury 1978) and the East Fork of the Trinity River sample (Navey 
1975) date from a period prior to the Caddo occupation of the 
Will iams portion of the Kaufman-Williams site. (The skeletal material 
from the Cooper Lake area is dated from 1 200 to 1400 A. O. ; the 
skeletal collection comprising the Trinity River sample is dated 
from 900 to 1600 A .  D.) Therefore, a temporal: trend may again be 
' 
in evidence when these two samples are compared with the Kaufman-
Williams sample or the difference may be due to small sample size. 
The Sully site exhibited the greatest amount of sexual 
dimorphism while the Leavenworth site which was occupied later was 
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somewhat less dimorphic than the Kauftnan-Williams sample. The 
Ari�ara populations had a decrease in sexual dimorphism during the 
period between 1700- 1750 A.O. and 1 803-1 830 A.O. Since both the 
Kaufman-Williams site and the Sul l y  site were occupied duri_ng the 
late protohistoric to early historic period , it is possible that the 
amount of sexual dimorphism noted reflects a period of maximum wel l 
being for these popul ations prior to the cul tural disintegration 
which accompanied extensive white contact. 
Detennination of Measurements Affected 
h Oefonnation-
Three methods were used to ascertain which measurements were 
most affected by defonnation. The first of these entail ed comparison 
of each of · the variables between the deformation cl asses. Second , a 
Pearson Correlation Coefficient was cal culated between each of the 
craniofacial variabl es and the two deformation ratios. Final l y , 
mul tiple linear regression analysis wai used to de� ineate affected 
measurements. The resul ts of each of these analyses are discussed 
below. 
Comparison of variabl es between defonnation cl asses. Due to 
the fact that the cl ustering of the skul l s  into three defonnation 
cl asses produced such small samp l e sizes in two cases , it was 
decided that two deformation classes- -moderate (M) and extreme (E)-­
woul d be more desirabl e for statistical purposes. Therefore, the 
skulls were reclassified using the cl uster anal ysis procedures 
outlined in Chapter 3. Table 24 presents the burials included in 
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TABLE 24 
CLASS I FI CAT ION OF  MAL ES AN D FEMAL ES INTO TWO DEFORMAT ION GROUPS 
Ma l es Fema l es 
Mode rate Ext reme Moderate Extreme 
Buri a 1 No . Bu ri a l  No . Buri a l  No . Buri al No . 
2 1 10 8 
4 5 1 3  1 9  
1 1  6 24 22 
28 7 39 31 
52 20 40 32 
58 26 41 35 
59 30 44 42 
45 5 1  43  
46 71 48 
4 7  6 7  
60 68 
6 1  72 
62  73  
66  
70 
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each of these classes; the cluster groups based upon two defonnation 
ratios are shown in Figure 8, page 113. The analyses discussed in 
the remainder of this chapter and in the followi_ng chapter are based 
upon this grouping of the burials. 
Since the Arikara data used for comparative purposes in this 
study consisted of 15 craniofacial measurements, the anal ysis of 
which measurements were affected by deformation was limited to those 
measurements. Table 25 contains a summa ry of the deformation cluster 
means of . the 15 measurements along with a t-value for statistical 
comparison. 
Amo�g the males five measurements appeared to be most 
significantly affected by deformation : (a) maximum breadth; 
(b ) minimum frontal breadth, (c ) bizygomatic breadth, (d) external 
alveolar breadth, and (e) biorbital breadth. Only maximum breadth 
seemed to be significantly affected among the females . However, 
except for external alveolar breadth the direction of the 
measurement (larger or small er) was the same in both sexes for 
all of the significant measurenents . 
Minimum frontal breadth was wider in the moderatel y  deformed 
group than in the extremely defonned group; yet the other measure­
ments of breadth were wider in the extremely deformed group. Perhaps 
.• 
this is due to constraints applied to the frontal bone during the 
deformation process. Several skulls showed evidence of pressure on 
both sides of the frontal which could have limited breadth growth 
there. 
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TABLE 25 
COMPARISON O F  MEAtJS O F  15 CRAN IO FAC IAL MEASUREMENTS 
BETWEEN MODERATE AND EXTREME DEFORMAT ION CLASSES 
Deformation No. of 
Meas urell'l:n t Class Cases Mean SD t-value 
Males 
1. Max. 1 gt. M 7 1 73. 71 6. 95 0 .14 
E 15 173. 40 4.03 
2. Max. brdth. M 7 1 37. 71 4.11 -2. 03* 
E 15 142. 73 5. 86 
3. Bas. -breg. M 7 137. 00 5.60 -0 .12 
E 15 1-37. 33 6. 37 
4. Endo. -nas. M 7 101. 71 5. 88 -0. 34 
E 15 102. 53 5. 03 
5. Endo. -a 1 v. pt. M 7 98. 57 7. 87 -1. 38 
E 14 103. 07 6. �9 
6. Min. front. brdth. M 6 96 .17 2. 99 2. 33* 
E 15 91. 47 4. 52 
7. Bizygomatic brdth. M 5 128. 60 7. 30 . -2. 82**· 
E . 14 137.43 5 . 54 
8. Nas. -al v. pt. M 7 71. 57 5. 35 0.64 
E 14 70. 14 4.55 
9. Ext. a 1 V .  1 gt. M 7 55.43 3. 91 0. 13 
E 14 55. 14 5. 17 
1 0 .  Ext. al V .  brdth. M 7 63. 71 2. 87 -1. 97* 
E 14 67. 43 4. 52 
11. Nasal ht. M 7 52. 00 3 .22 0.48 
E 14 51. 29 3. 20 
12. Nasal brdth. M 7 25. 00 2. 24 -0. 83 
E 14 25. 79 1. 97 
13. Bi orbi ta 1 brdth. M 6 96. 17 5. 08 -2. 08* 
E 14 100. 07 3. 25 
14. Ba. -po. ht • .  j·.1 7 23. 43 3. 31 -0.20 
14 23. 79 4. 17 
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TABLE  25 ( c·ont i n ued ) 
De fo rma ti on No . o f  
Meas uremen t Cl as s Cases Mean SD t-val ue 
1 5 .  Au r .  h t . M 7 1 1 7 . 29 5 . 02 -0 . 70 
1 5  1 1 8 . 87 4 . 88 
Fema l es 
1 .  Max . 1 gt . M 9 1 6 8 .  22 3. 9 3  0 . 6 3 
E 1 3  1 6 7 . 1 5  3 .  9 3  
2 .  Max .  b rdth . M 9 1 34 .  56 4 . 1 9 -2 � 37* 
E 1 3  1 38 .  62 . 3 .  78 
3 .  Bas . - b re g . M 9 1 31 . 00 5 . 52 0 . 77 
E 1 3  1 32 .  69 4. 79 
4 .  Endo . -nas . M 9 9 7 . 33 2 . 1 2  0 .  37 
E 1 3  9 7 . 7 7 3 . 00 
5 .  E ndo .  - a  1 v .  pt .  M 8. 9 8 . 6 3  4 . 90 . 0 .  36 
E 1 2  9 7 .  75 5 .  58  
6 .  Mi n .  front b rdth . M 9 90 . 44 2 . 88 0 . 73 
E 1 3  89 . 38 3 . 6 2 
7 .  Bi zygomati c b rdth . M 8 1 2 7 .  75 3 . 77 -0 . 1 7  
E 1 3  1 2 8 . 08 4 . 6 1  
8 .  Na . -al v .  pt . M 8 66 . 6 3 4 . 53 -0 . 84 
E 1 2  68 . 33 4 . 44 
9 .  Ext . a 1 v .  1 gt . M 8 54 . 00 4 . 54 -0 . 1 0  
E 1 1  54 . 1 8  3 . 49 
1 0 .  Ext . Al v .  b rdth . M 8 6 3 . 50 4 . 1 1  o .  39 
E 1 1  62 . 82 3 . 52 
1 1 .  Nas a l  h t .  M 8 49 . 6 3 4 . 37 0 . 6 5 
E 1 2  48 . 58 1 . 5 1  
1 2 .  Nas a l  b rdth . M 8 26 . 50 2 .  6 7  o .  77 
E 1 2  2 5 . 75 1. 71 
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TABLE 25 (continued ) 
Defonnation No. of 
Measurerrent Cl ass Cases Mean SD t-val ue 
13. Bi orbital brdth. M 8 94. 38 2. 83 -1. 33 
E 1 1  95. 91 2.21 
14. Ba. -Po. ht. M 9 20.33 2 . 45 -0.50 
E 13 20. 85 2. 27 
15. Aur. ht. M 8 113. 50 5. 61 -1. 42 
E 13 116. 69 4. 59 
* 
S{gnificant at 0. 05. ** 
Significant at 0. 01. 
M - Moderate 
E - Extreme 
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Correlation of variables with deformation ratios . Pearson 
Correlation Coefficients were calculated between each of the cranio­
facial variables and the two deformation ratios to further test 
for affected measurements. The results of this test are shown in 
Table 26. 
It should be noted that a positive correlation coefficient 
indicates that as the index (FDR or ODR) increases (fts the skulls 
assume a more normal shape) the measurements get larger . Thus, for 
\ 
example, minimum frontal breadth on the males got smaller as the 
skulls became more defonned; this result was also revealed by the 
previous test. 
The measuremen ts which seem to be significantly affected by 
deformation in the males according to this test are : (a) maximum 
breadth, (b) endobasion-alveolar point, (c) minimum frontal breadth, 
(d) bizygomatic breadth, and (3) alveolar breadth . Among the females, 
maximum breadth, nasa1 height, biorbital breadth, and auricular 
height appeared to be significantly affected by deformation. Thi s 
correlation test was independent of the cluster analysis; that · is, 
the clusters were not used as factors . Yet these correlation 
coefficients support the previous results on several measurements : 
(a ) maximum breadth, (b) minimum frontal breadth, (c) bizygomatic 
breadth, (d) alveolar breadth, and (e) biorbital breadth . However, 
biorbital breadth was significantly related to deformation only among 
males in the first test and only among females in the correlation test. 
Three additional measurements were found to be significantly 
1 .  
2 .  
3 .  
4 .  
5 .  
6 .  
7 .  
8 .  
9 .  
1 0 .  
1 1 . 
1 2 .  
) 
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TABLE 26 -
PEARSON CO RRELAT ION COE FFI C I EfffS BETWEEN DE FO RMAT I ON RAT I OS 
· AN D CRAN IOFAC IAL MEASUREMENTS 
Measurement 
Max. 1 gt. 
Max. brdth. 
Bas. -breg. 
Endo. -nas. 
Endo. -alv. pt. 
Min. front. brdth. 
Bizygomatic brdth. 
Nas. -alv. pt. 
Ext . al v. 1 gt . 
Ext. alv. brdth . 
1�asa 1 ht. 
Nasal brdth. 
Males 
FDR ODR 
-0 . 21 6 7 0 . 3096 
( 24 )  . ( 22 )  
-o 36 P* -o . ?s2y* . { 24 22 
0 .  1 9  72 0 . 0489 
( 22 )  ( 22 )  
-0 . 06 77 0 . 0389 
( 2 2 ) . ( 22 )  
-0 . 4024* -0 . 1 583 
( 2 1 ) ( 2·1 )  
o .  39 37* 0 . 2504 
( 2 3 )  ( 2 1 ) 
-0 . 54 70* -0 . 55 33* 
( 20 )  ( 1 9 ) · 
-0 . 1 475 0 . 09 �0 
( 22 )  ( 2 1 ) 
-0 . 1 650 0 . 029 3 
( 2 2 )  ( 21 ) 
-0 . 6286* . 0 . 29 35 
( 22 )  ( 21 ) 
-0 . 1 5 1 1  0 . 0 1 1 8  
( 22 )  ( 2 1 ) 
-0 . 1 86 3  -0 .0278 
( 22 )  ( 2 1 ) 
Females 
FDR ODR 
-0 . 3200 -0 . 0455 
( 26 )  ( 22 )  
o d�jl -0 71 f3* { 22 
-0 . 31 76 -0 . 2952  
( 23 )  ( 22 )  
-0 . 3 1 08 0 . 01 9 7  
( 2 3 )  ( 22 )  
-0 . 1 5 80 0 . 05 1 2  
( 2 1 ) ( 20 ) 
-0 . 021 6 -0 . 0848 
( 26 )  ( 22 )  
-0 . 2002 -0 . 0 75 7 
( 2 3 )  ( 2 1 ) 
-0 . 30 38 0 . 065 7 
( 22 )  ( 20 )  
-0 . 2 590 -0 . 1 047  
( 2 1 ) ( 1 9 ) 
0 . 1 866 a . 0 531 
( 21 ) ( 1 9 ) 
0 . 1 1 79 0 . 65 77* 
( 2 2 )  ( 20 )  
0 . 1 009 0 . 0628 
( 22 )  ( 20 )  
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TABLE 26 (continued) 
Males Females 
Measurement FDR ODR FDR ODR 
1 3. 8iorbi ta l brdth. -0. 2949 0 .1616 -0. 4085* -0.0410 
(21) (20) (20) (19) 
14. Ba. -po . -ht. 0. 2949 0.0994 -0. 2293 . -0. 2619 
(21) (21) (23) (22) 
15. Aur. ht. -0. 2251 -0 .1425 -0. 3797* 0. 2950 
(22) (22) (23) (21) 
Signif icant at 0. 05 
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correlated with defonnati on : (a') endobasi on-alveolar poi nt ( in  
males) , (b) nasal height ( in females) , and (c) auri cular height ( in  
. females) . 
Multiple Regressi on Analysis .  A thi rd test used to provide 
infonnati on about whi ch crani ofaci al measurements were affected by 
artif i ci al crani al defo nnati on was multiple li near regressi on .  The 
strategy was to determine the extent of li near dependence of each of 
the basi c 15 measurements on the two deformati on variables FDR and 
ODR. The results of the regressi on analys i s  are gi ven in Table 27 . 
The linear regressi on test revealed three of the same crani o­
faci al measurements (maxi mum breadth , bi zygomati c breadth , and 
external alveolar breadth) to be most highly dependent upon 
deformati on among the males ; Maxi mum length also appeared to be 
signi fi cantly affected by deformati on. 
The two measurements whi ch seerred to be most affected by 
defonnati on among the females were maximum breadth and nasal 
height. Strangely , nasal height broke ·wi th the emergi .ng pattern by 
not bei ng directly related to the breadth of t�e skull·.· 
Unreliable results can be obtained from linear regressi on when 
the independent vari ables �sed are hi ghly correlated (Nie et al. 1975). 
The vari ables FDR and ODR have correlati on coeff i ci ents of 0. 5870 
in  the male sample and 0. 5470 in the females , whi ch ,  though large , 
do not appear large enough to cause problems . 
TABLE 2 7 
PE RCENT O F  VARI AT ION IN CRAN IOFAC IAL MEASU REMENTS DUE TO 
DE FORMAT ION AS DETE RMI NED  BY MULT I PLE L I NEAR REGRESS ION 
Ma l es : Fema les  
Meas urement % F- va  1 ue % 
* 1 .  Max . l gt .  33 . 8 4 . 85 . 1 2 . 6 
1 50 
F- val ue 
1 .  37 
2 . Max .  b rdth . 46 . 7 - 8 .  33** 9 3 .  7 , · 1 42 . 75** 
3 .  
4 .  
5 .  
6 .  
7 .  
8 .  
9 .  
1 0 .  
1 1 .  
1 2 . 
1 3 . 
1 4 .  
1 5 .  
Bas . -b reg . 
E ndo .  - n as . 
· En do • - a 1 v .  pt . 
Mi n .  front . b rdth . 
. Bi zygomati c b rdth . 
N a .  - a  1 v .  pt . 
Ext .  a 1 V .  l gt .  
Ext .  a l v .  b rdth . 
N as a l h t .  
N as al b rdth . 
B i  orb i ta  1 b rdth . 
Ba . - po . ht .  
Aur .  h t .  
* S i gn i fi cant at 0 . 05 
** S i gn i fi cant at 0 . 0 1 
R2 x 1 00 = % 
4 . 6 0 .  46 1 2 . 2 1 .  32 
1 .  4 0 .  1 4  1 4 . 8 1 . 65 
1 7 . 1 1 . 86 5 . 2 0 . 47 
1 5 . 6  1 . 66 0 . 8  0 . 0 8 
38 . 1 4 . 9 3*'  4 . 2 o .  39 
7 .  1 0 . 69 1 6 . 9  1 .  73 
5 . 2 0 .  49 6 . 9  0 . 59 
40 . 4 6 .  1 0** 3 . 8 0 . 32 
3 . 8 0 .  36 5 2 . 6  9 . 06** 
4 . 5 0 . 42 1 . 0 0 . 00 
8 . 7 0 . 00 2 1 . 4 2 . 1 8  
9 . 5  0 . 95 7 . 9  0 .  82 
5 .  1 0 . 00 1 5 . 5  1 . 65 
l e vel 
l e ve l 
• 
151  
Summary of the three tests . Evidence that maximum breadth , 
bizygomatic breadth , and external alveolar breadth were defonnation 
dependent was gathered in each of the three tests ; thus , it seems 
safe to conclude that these breadth measurements were all cha_nged by 
artificial cranial defonnation as practiced by the Caddo . Each of 
the three tests produced evidence that maximum breadth was closely 
related to defonnation ; in fact , maximum breadth was identified in 
both males and females in each of the tests . It stands alone as the 
most affected measurement. 
On the other hand , basion-bregma ,  endobasion-nasion , nasion­
alveolar point , external alveolar length , nasal breadth , and 
basion-porion height showed little evidence of being deformation 
related . 
There was evidence that maximum length , endobasion-alveolar 
point , minimum frontal breadth , nasal height , biorbital breadth , 
and auri cular height were affected by deformation . However , none of 
these appeared significantly in all three tests nor did any one of 
them appear in both sexes in a single test . Conclusions were difficult 
to draw concerning these six measurements . 
Comparison with other studies . Several researchers have made 
attemp ts to detennine the effect of deformation upon craniofacial 
measurements . Giles and Bleibtreu (1963) noted that cranial length , 
breadth , and height were affected by deformation while facial 
measurements were not . Their study involved a series of crania 
from the southwest . They did not discuss the type of deformation 
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occurring on the skulls used in their study . However , Neumann (1942) 
mentioned lambdoid deformation in connection with the Indians from 
Chaco Canyon, and Rogers (1975) attributed most of the deformation 
in the southwest to unintentional deformation of the occipital 
bone . Leigh (1937 : 272) noted that in some skulls with extreme 
occipital flattening there was a broadening effect on the posterior 
part of the mandible . Leigh (1937) also noted that extreme fronto­
occipital deformation definitely influenced palate form . Rogers 
(1975) used several indices in his study of fronto-occipital and 
annular defonnation from the southwest and Peru . He concluded that 
no significant changes in the facial structure .. resu'l ted from the 
degree of deformation typical of the Pueblo popul ations . Similarly, 
the Peruvian skulls deformed in the fronto-occipital manner were 
not significantly different from undeformed crania . There were 
marked differences with regard to four indices in the Peruvian 
annular deformed seri es, however . The differences were as follows : 
(1 ) Internal Palatal Index was larger in the deformed specimens 
which indicated a wide palate in relation to length, (2) Mean 
Orbital Index increased in the deformed group which suggested more 
rounded orbits, (3 ) Upper Facial Index increased in the deformed 
series which indicated a wi dening of the face in comparison to 
height, and (4 ) Gnathic Index increased in the defonned crania which 
suggested a protrusion of the lower portion of the face with 
reference to a vertical facial plane. 
Measurements Selected for Population 
Distance Study 
1 5 3 
It was cl ear from the previous analyses tha·t maximum breadth, 
bizygomatic breadth, and external alveolar breadth should not be 
entered as variables used to measure the biological distance of the 
Kaufman-Williams group from other Anerindians. On the other hand, 
basion-bregma, endobasion-nasion, nasion-alveolar point, external 
alveolar length, nasal breadth, and basion-porion height . seemed to be 
independent of cranial deformation. Decisions on the remaining 
six measurerrents were difficult. However, soire of the comparative 
data by Maples (1962) and Westbury (1978) did not include data on 
nasal breadth, basion-porion height, and auricular he.ight; hence 
these were automatical ly discarded. Also discarded, though mostly 
on intuitive grounds, were maxirnum length and nasal height. Nasal 
height decreased in both sexes going from the moderate to extreme 
classes and appeared somewhat affected by deformation in females in 
the last two tests. 
Two breadth neasurements, minimum frontal breadth and biorbital 
breadth, were retained mainly because of the desire to have some 
breadth variables entered into the distance formula. Minimum frontal 
breadth showed a relation to deformation only in the males in two of 
the three tests. The biorbital breadth variable appeared moderately 
related tQ deformation in two tests though only in one sex each time. 
In conclusion, the following seven measurements were retained for 
the Penrose distance cal culation : (a) basion-bregma, 
154 
(b) endobasion-nasion , (c) endobasion-alveolar point , (d) minimum 
frontal breadth , (e) nasion-alveo�,ar point , (f) external alveolar 
length and (g) biorbital breadth. 
Penrose Size and Shape Biological 
Distance Study 
1 ·  
The means for the males and females for the seven measurements 
in the six populations for which a pairwise distance was comput�d 
are surrmarized in Table 28. The common standard deviation for each 
character is given in the second column of Table 28; they were 
calculated as described in Chapter 3. Surprisingly large distance 
coefficients resulted between the Sanders sample and each o.f the 
other five sites among the males and between the Fulton group and 
each . of .the other five female groups. Because of the large distance 
coefficients which resulted from these two groups they have been 
deleted in the matrix presentation of the pairwise Penrose Size 
and Shape Coefficient shown in Table 29. 
From data supplied by Rao , Penrose calculated his coefficient 
in 20 I ndian populations using 8 characters. These 190 coefficients 
averaged 4. 01 (Penrose 1954). The average for the males from 
Table 29 is 2. 743 (SD = 1. 259) while for females the mean is 2. 721 
(SD = 1. 900). Although the eight characters measured by Rao were 
not the same as the seven used in this study , it is comforting to 
know that the coefficients are in the same range. 
Generally speaking the Cooper material appears morphologically 
more aistant from the other populations; although in the females 
3 .  
4 .  
5 .  
6 .  
8 .  
TABLE 2 8  
MEANS Aim COMMON STAN DARD DE VIAT I Oi�S FO R SEVEN MEASUREMENTS 
( Ma l e  Va l ue s  a t  Top and Femal e Va l ues a t  Bo ttom) 
Common 
S tandard Kaufman - Sa i nt  
Meas  urenen t De vi a t  i on Wi l l i ams F ul ton Sanders He l e na  
Ba s . -bre g . 4 . 858  1 37 . 2 3  1 4 1 . 30 1 5 1 . 00 1 36 . 86 
( 22 )  ( 2 ) ( 1 )  ( 2 1 ) 
4 .  799 1 32 . 00 1 29 . 00 1 31 . 00 1 30 . 2 3  
( 2 3) ( 1 ) ( 1 ) ( 1 3 ) 
Endo . -nas . 4 . 900 1 02 . 2 7  1 04 .  30 1 04 . 00 1 0 3 .  76 
( 22 ) ( 8) ( 8 ) ( 2 1 ) 
3 . 590 9 7  . 87 1 00 . 00 99 . 20 96 . 46 
( 2 3 ) ( 1 )  ( 1 2 ) ( 1 3 ) 
Endo . -a l v .  p t .  5 .  776 1 0 1 . 5 7 1 0 1 . 80 1 04 . 80 1 0 1 . 29 
( 2 1 ) ( 4 ) ( 5 )  ( 2 1 ) 
4 . 6 1 2 98 . 48 82 . 00 98 . 50 9 8 . 6 2  
( 2 1 ) ( 1 ) ( 1 1 ) ( 1 3 )  
Mi n .  fron t .  brdth . 4 . 1 39 92 . 87 9 5 . 40 9 2 . 50 95 . 40 
( 23 ) ( 1 3 ) ( 1 3 ) ( 20 )  
4 . 1 83 89 .62  92 . 30 86 . 60 92 . 69 
( 26 )  ( 1 7 ) ( 1 7 ) ( 1 3 ) 
Nas . -a l v .  p t .  3 . 878 70 . 68  75 . 00 75 . 20 74 . 62 
( 22 ) ( 3)  ( 9 )  ( 2 1 ) 
4 . 1 04 6 8 . 00 77 . 00 70 . 68 68 . 00 
( 22 ) ( 1 )  ( 1 4 )  ( 1 3 ) 
Ari kara Coo pe r  
1 34 .  34 1 40 .  30 
( 32 ) ( 3 )  
1 29 . 4 1  1 32 .  30 
( 34 ) ( 3 )  
1 04 . 06 1 04 . 60 
( 32 ) ( 3) 
99 . 4 1 1 0 1 • 70 
( 34 ) ( 2 )  
1 00 . 9 1  1 0 1 . 20 
( 32 ) ( 3 ) 
9 7  . 6 8 98 . 50 
( 34 ) ( 2 ) 
9 3 . 6 3  9 3 .  50 
( 32 ) ( 5 )  
9 1 . 24 87  . 40 
( 34) ( 3 )  
73 . 9 1  7 1 . 50 
( 32 ) ( 2 )  
70 . 59 71 . 00 __, <.n 
( 34 ) ( 1 )  <.n 
TABLE 28 ·( c·onti  n ued)  
Common 
S tandard Kau fman -
Meas uremen t De vi a t ion L� i l l  i ams Ful ton Sande rs 
9 .  Ext .  al v .  l g t .  3 . 86 7  55 . 4 1 5 3 . 20 55 . 80 
( 22 )  ( 6 )  ( 1 0 ) 
2 . 803  54 . 24 55 . 00 5 3 . 80 
( 2 1 ) ( 3 )  ( 1 3 ) 
1 3 . Bi orb i tal brdth . 3 . 582 9 8 . 86 1 0 1 . 70 1 02 . 90 
( 2 1 ) ( 3 )  ( 1 0 ) 
3 . 1 25 95 . 25 9 7  . 00 95 . 50 
( 20 )  ( 2 )  ( 1 3 ) 
-...._ 
Sa i n t 
Hel ena  
55 . 75 
( 20 )  
52 . 92 
( 1 2 )  
1 0 1 . 5 8  
( 1 9 ) 
9 7  . 00 
( 1 3 ) 
Ari kara 
55 . 31 
( 32 ) 
5 3 . 0 3 
( 34 ) 
99 . 59 
( 32 ) 
95 . 29 
( 34 )  
Cooper 
5 7 . 50 
( 2 )  
54 . 80 
( 2 )  
1 04 . 50 
( 2 )  
94 . 00 
( 1 ) 
__, 
01 
0) 
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TABLE 29- . 
PENROSE SI ZE AN D SHAPE D ISTANCE BETWEEN SAMPLE. PA I RS 
Males 
Kaufman- Sai nt 
Wi lliams Fulton Helena Ari kara Cooper 
Kaufman-Wi lli ams 0. 000 
Fulton 3. 207 0.000 
Sai nt Helena 1. 828 1 . 729 0. 000 
Ari ka ra 1.549 3. 278 0.650 0. 000 
Cooper 3. 127 4 . 166 3.227 4.664 0 . 000 . 
Fema 1 es 
Kaufman- Sai nt 
Wi 11 i ams Sanders Helena Ari kara Cooper 
Kaufman-Wi l1 i ams 0. 000 
Sanders 1.546 0.000 
Sai nt Helena 1. 761 4.546 0. 000 
Ari kara 1. 589 1 . 876 2 . 037 0. 000 
Cooper 2.626 1. 087 7. 379 2.766 0.000 
Cooper and Sanders are close. In the male samples , the Kaufman­
Wi lliams collecti on di ffers roost from th e Fulton and Cooper ; among the 
females , the Kaufman-Wi lliams and Cooper di stance i s  also large. 
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The coefficient seems to place the Kaufman-Williams, Arikara, and 
Saint Helena morphologically close, but it is difficult to judge 
since the distance coefficient has no direction. 
The breakdown of the Penrose coefficient into its size and 
shape components is given in Table 30 . The main contributor to the 
total coefficient in every case is the shape component; the size 
component of the total distance is negli9ible. 
The Penrose Size and Shape Di�tance shown in Table 30 is 
plotted on principal coordinates in Figures 11 (males) and 12 
( females) . The reduction to two principal components provides a 
fairly accurate two-dimensional picture of the intergroup distances 
because together these two components account for 82 . 4% and 91. 8% 
of the variance in the original distances in males and females, 
res pee ti vely. 
The most notable aspect of the principal coordinate plots is 
the relatively large distance of the Cooper sample from all the 
others, especially in the male group . 
Generally speaking, the �istance analysis neither supports 
nor denies the hypothesized common ancestor of the Arikara and Caddo . 
Theoretically the Arikara evolved from this corrmon ancestor through 
the Saint Helena group while the Kaufman-Williams population evolved 
through a population similar to the Cooper and Sanders. However, 
the arrows drawn through .the graphs in Figures 11  and 12 from Cooper 
or Sanders to Kaufman-Williams and from Saint Helena to Arikara do 
not extrapolate to a common beginning . This is particularly true in 
Ka ufman-Wi l l i ams 
Ful ton 
Sai n t  Hel ena 
Ari kara 
Cooper 
Kaufman-Wi l l i ams 
San ders 
Sa i n t  Hel ena 
Ari kara 
Coope r 
TABLE 30 
BREAKDOWt� OF  PE�ROSE COE FFIC I ENT I NTO S I ZE AND SHAPE COMPONENTS 
Kaufman-
�Ji l l i  ams 
0 . 000 
0 . 654 , 2 . 554 
0 . 42 8 ,  1 . 400 
0 . 044 , 1 . 505 
o ·. 654 , 2 . 4 73  
Kaufman -
Wi l l i ams 
0 . 000 
0 . 000 , 1 .  546 
0 .  001 , 1 .  760 
0 . 005 , 1 . 5 83 
0 . 0 78 ,  2 . 548 
( S i ze ,  Shape )  
Ful ton 
0 . 000 
0 .  024 , 1 .  706 
0 .  359 , 2 .  9 1 9 
0 . 000 , 4 . 1 66 
Sanders 
0 . 000 
0 . 000 , 4 . 545  
0 . 004 , 1 . 873 
0 .  0 71 , 1 . 0 1 6  
--
Mal es 
Sa i n t  
He lena 
0 . 000 
0 . 1 9 8 ,  0 . 452  
0 . 024 , 3 . 20 3  
Femal es 
Sa i n t  
Hel ena  
0 . 000 
0 .  00 3, 2 .  0 35 
0 . 066 , 7 .  31 3 
Ari kara 
0 . 000 
0 . 35 9 , 4 . 30 5 
Ari kara 
0 . 000 
0 .  042 , 2 .  723 
COOJ!er 
0 . 000 
Cool!er 
0 . 000 
AR/ KAR A 
• 
FUL TON 
1 
KAUFMA N-
WILL IAMS 
1 
-1 
1 60 
CO OPER • 
z 
Fi gure 1 1 .  Ma l e  Di s tances Represented  on the Fi rs t Two Pri n ci pa l 
Coordi nates . 
The hori zontal axi s expl a i ns 47 . 8% of the i nters ampl e va ri ati on ; 
the ve rti ca l axi s expl a i ns 34 . 6% .  
AR /KA RA 
KAUFMAN­
WIL L IAMS 
1 
-1  
COOPER __. 
_.---1. 2 
S A NDl=RS 
Fi gure 1 2 .  Fema le Di s tances Represented on the Fi rs t Two 
P ri nci pa l Coo rdi nates . 
The hori zonta l axi s expl a i n s 76 . 7% of the i n ters amp l e vari ati on ; 
the ve rti ca l axi s expl a i n s  1 5 .  1 % . 
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the female group where the lines are almost oppositely directed. 
The small sample sizes and variability in sample size from one 
measurement to anoth er in the Sanders , Fulton , and Cooper samples 
have probably distorted th e findi.ngs . 
If th e Cooper , Fulton , and Sanders groups are ignored , the 
first principal coordinate places th e male populations in the 
expected order , Saint Helena between the Kaufman-Williams and the 
Arikara. The first principal coordinate in the females placed the 
Arikara and Kaufman-Williams togeth er with Saint Helena removed . 
CHAPTE R 7 
AiiALYS I S  O F  THE NON -METRI CAL DATA 
The analysi s  of th e non-rretri cal data was concerned 
wi th i nterpopulati on variab ili ty s ince comparati ve i nformation was not 
avai lable for the populations used . in  the metrical analysi s .  Several 
of the trai ts which were observed di d not occur at all i n  the 
Kaufman-Williams populati on; th erefore, these trai ts have been 
dropped from further consi derati on and do not appear i n  the. tables . 
Two variants of the arrangement of the sutures i n  the pteri on regi on 
were not observed . These were: (a) K and (b) frontotemporal 
articulat i on .  None of the indi vi duals studi ed had a metopi c  suture 
or a bregmatic bone. Only one occurrence o'f ·a double condylar facet 
an d one Inca bone were observed . 
Di screte trai t di fferences were analyzed i n  ·three ways: (a) sex 
di fferences, (b) bi lateral di fferences, and (c) deformati on class 
di fferences. The data are presented i n  each table i n  terms of total 
number of occurrences for a particular trai t followed by the total 
nunber of observati ons made . Th i s  rati o then appears i n  percent 
form. Some variati on occurred i n  the number scored because of the 
i mpossi bi li ty of observing particular traits due to breakage or 
suture ob 1 i terati on. 
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Sex Differences .in. Non-metrical Traits 
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Table 31 presents the sex differences which occurred among the 
non-metric traits. Even though there are evident differences in 
trait frequencies, these differences did not prove statistically 
significant under a chi-square test using a 0. 05 level of 
significance. 
This disagrees with the findings of Subl ette (l966) , 
Corruccini (1974) and Jantz (1970) who found several discrete 
traits which showed significant sex differences. However , Carpenter 
(1976) found nonsignificant differences between the sexes. ijerry 
and Berry (1967) also found no significant sex difference in the 
frequency of discrete traits ; however, they tested the average 
differences between males and females rather than making a trait 
by trait comparison. 
One factor is perhaps worth noting . Corruccini (1976 :289) 
stated that skulls 11 • •  with ossicles at lambda and asterion (are) 
uniformly l arger than the skulls without extra ossicles. 1 1  Both of 
these traits were found more frequently in male skulls which are 
presumed to generally be somewhat larger than female skull s.  
Bilateral Incidence of Non-metrical Traits 
The bilateral occurrence of the discrete traits is shown in 
Table 32. Again none of the observed di fferences were significant at 
the 0. 05 level. Furthermore , no definite patterns emerged regarding 
the prevalence of a given trait on a particular side when the sexes 
were compared; quite often the highest incidence of a trait occurred 
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TABLE 31 
SEX D IFFERENCES IN NON-METRICAL TRAITS 
Males (26} Fema 1 es {28} 
Trait No .  % No .  % 
Supraorbi ta 1 foramen or notch 46/47 97. 87 53/55 96. 36 
Sutures into infraorbital foramen 14/44 31. 82 15/45 33. 3 3  
Sutures in region of pterion 
wide H 19/52 36. 54 25/56 44 . 64 
narrow H 7/52 13. 45 7/56 12. 50 
X 2/26 7. 69 0. 00 
epiteric 4/52 7. 69 7/56 12. 50 
Ossicle at lambda 7/24 29. 17 5/27 18. 52 
Lambdoid ossicle 22/48 45 . 83 21/52 40. 38 
Ossicle at asterion 15/46 32. 61 8/54 14. 81 
Parietal notch bone 6/44 13. 64 8/52 15. 38 
Corona 1 ass i cl e 2/42 4. 76 0. 00 
Parietal foramen 24/52 46. 15 20/54 37. 04 
Sa.gittal ossicle 3/20 15. 00 2/22 9. 09 
Dehisiences of tympanic 2/52 3. 85 7/54 12 . 96 
Mastpi d foramen exs utura 1 6/52 11 . 54 3/51 5. 88 
Ph�rangeal fossa 4/22 18. 18 0. 00 
Ear exostoses 4/52 7. 69 2/54 3 .  70 
Palatine torus 1/25 4. 00 2/24 8. 33  
Mandibular torus 2/52 3 . 85 8/56 14. 29 
Myl ohyoi d bridge 2/52 3. 85 2/56 3. 57 
Accessory men ta 1 foramen 1/26 3. 85 1/28 3. 5 7 
TABLE 32 
B ILATERAL INC i DENCE OF NON-METR I CAL TRAITS IN KAUFMAN-WI LLIAMS POPULAT ION 
Males (26) Females (28} Subadul ts (9} 
Trait R No. % L No. % R No. % L No. . % R No. % L No. % 
Supraorbital 
foramen or notch 2 3/23 100. 00 23/2 4 95. 83 27/28 96. 43  26/27 96. 30 7/7 100. 00 7/7 100. 00 
Sutures into 
i nfraorbi ta 1 
foramina 5/21 2 3. 81 9/2 3 39. 1 3 . 7/22 31. 82 8/2 3 34. 78 2/6 33. 33 2/5 40. 00 
Sutures in region 
of pterion 
wide H 9/26 34. 62 10/26 38. 46 12/28 42. 86 1 3/28 46. 43 2/9 22. 22 1/9 11. 11 
narrow H 5/26 19. 23 2/26 7. 69 3/28 10. 71 4/28 1 4. 29 1/9 11.11 - - 0. 00 -- 0. 00 2/26 7. 69 -- 0.00 -- 0. 00 - - 0. 00 0. 00 
epiteri c 3/26 11. 54 1/26 3. 85 5/28 17 . 86 2/28 7. 14 -- 0. 00 3/9 33. 3 3  
Ossicl e  at Lambda 7/24 29. 17 5/27 19. 00 3/7 42. 86 
Inca bone - - 0. 00 -- 0. 00 1/7 14. 29 
Lambdoi d oss icl e 12/25 48. 00 10/2 3 4 3. 48 9/26 34. 62  12/26 46. 15 5/7 71. 4 3  5/7 71. 4 3  
Ossicl e  at 
asterion 10/22 45. 45 5/24 20. 83 5/27 18 . 52 3/27 11. 11 2/5 40 . 00 3/7 4 2. 86 
Parietal notch 
bone 2/22 9. 09 4/22 18. 18 4/26 15. 36 4/26 15. 38 1/6 16. 67 2/6 33 . 31 ...... 
TABLE 32· ( c·ontinued ) 
Males (26} Femal es {28} Subadul ts (9} 
Trait R No. % L No. % R No. % L · No. % R No. % L No. % 
Coronal ossicle 1 /21 4. 76 1/21 4. 76 -- 0. 00 -- 0. 00 -- 0. 00 -- 0. 00 
Parietal forarren 11 /26 42. 31 1 3/26 50. 00 13/27 48. 1 5  7/27 25. 93 3/7 42. 86 1/7 14. 29 
Sagittal ossicle 3/20 15. 00 2/22 9. 09 1 /6 16. 67 
Dehisience s of  
tympani c 1/26 3. 85 1/26 3.85 4/27 1 4. 81 3/27 11. 11 4/7 5 7 . 14 6/7 85. 71 
Mastoid forairen 
exsutural 3/26 11. 54 3/26 11. 54 1/25 4. 00 2. 26 7. 69 - - 0. 00 -- 0. 00 
_ Pharangeal fossa 4/22 18.18 - - 0. 00 - - 0. 00 
Ear exostoses 2/26 7. 69 2/26  7. 69 1/27 3. 70 1/27 3. 70 - - 0.00 - - 0. 00 
Palatine torus 1/25 4. 00 2/24 8. 3 3  - - 0. 00 
Mandibular to rus 1/26 3. 85 1/26 3.85 4/28 14. 29 4/28 14. 29 -- 0. 00 -- 0. 00 
Mylohyoi d b ridge 1 /26 3. 85 1/26 3.85 1/28 3. 57 1/28 3. 57 1/9 11. 1 1  1/9 11.11 
Accessory rrental 
fo ramen 1/26 3. 85 - - 0. 00 - - · o . oo 1/28 3. 57 - - 0.00 - - 0. 00 
m 
m 
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on one si de in mal es and on the other side i n  the femal es. Of the 
discrete trait observati ons i ncl uded i n  Table 32, a sl i ght 
preference for the right side was di sp layed i n  mal es whil e there 
was a sl i ght preference for the l eft s ide in femal es. These f indings 
were contrary to those of Trinkaus (1978) who did fi nd si gnificant 
b i l ateral d ifferences in his study. 
Defonnati on Cl ass Di fferences in 
Non-metri cal Trai ts 
-
The inci dence of discrete tra its i n  the two deformation cl asses 
i s  shc:Mn in Tab le 33. The chi -square test of si gnifi cance once 
again suggested that none of the d ifferences were si gnificant at 
the 0. 05 l eve l . However, several trends were noted in  both the 
mal e and femal e  groups whi c� suggest that defonnati on affected the 
frequency of non-metri c traits to some degree. The fol l owing 
tra its occurred more frequentl y i n  the moderately  deformed group 
i n  both sexes : (a) supraorbital foramina, (b) sutures i nto i nfra- , 
orbital foramina, (c) epite.ric bone, (d) oss ic l e at asterion, 
(e) pari etal notch bone, (f) pharangeal fossa, and (g) myl ohyoi d 
bri dge. Converse ly , several trai ts occurred in  hi gher frequency 
among the extreme ly deformed mal es and femal es. These incl ude : 
(a) wi de H sutu re at pteri on , (b) narrow H suture at pterion, 
(c) ossi cl e at l ambda , (d) l ambdoi d  ossic le, (e) dehisiences of 
the tympani c, (f) pal ati ne torus, (g) mand ibul ar torus, and 
(h) accessory mental foramina. 
It seems unl ikel y that trai ts such as the myl ohoi d bridge or 
accessory mental foramina were affected by deformati on. However, 
Tra i t  
Su prao rb i ta 1 foramen o r  notch 
Sutures i nto i n fraorbi  ta 1 forarren 
Suture s i n  regi on of pteri on 
wi de H 
na rrow H 
X 
epi  te ri c 
Os s i cl e  at l ambda 
Lambdo i d oss i c l e  
Os s i cl e  at aste ri on 
Pa ri etal  notch bone 
Corona 1 oss  i cl e 
Pa ri etal foramen 
TABLE 33 
TRAIT FREQUENCY BY DE FORMAT ION CLASS 
Mal es {22) 
Mode rate ( 7) Ext reme ( 1 5 ) 
No . % N o .  % 
14/14 1 00 . 00 28/30 93 . 33 
4/14 28 . 5 7  8/ 30 26 . 6 7  
5/ 1 4  35 . 7 1  1 3/ 30 4 3 . 33 
1 / 1 4  7 . 1 4  4/ 30 1 3 . 33 
-- 0 . 00 1 / 30 3 .  33 
1 / 1 4  7 .  1 4  2/ 30 6 . 6 7  
1 / 7  1 4 . 29 7/ l S  46 . 6 7  
6/1 4 42 . 86 1 4/ 30 46 . 6 7 
5/ 1 4 35 . 71 8/ 30 26 . 6 7  
2/1 4 1 4 . 29 4/ 30 1 3 . 33 
2/T 28 . 5 7  - - 0 . 00 
8/1 4  5 7  . 1 4 1 4/ 30 46 . 6 7  
Femal es {22) 
Mode rate ( 9 )  Extreme ( 1 3 ) 
No . % No . % 
1 8/ 1 8 1 00 . 00 23/26 88. 46 
8/ 1 8  44. 44 5/26 1 9 . 2 3 
8/ 1 8 44. 44 1 4/26 5 3 . 85 
1 / 1 8  5 . 56 4/26 1 5 . 38 
- - 0 . 00 - - 0 . 00 
3/1 8  1 6 . 6 7 4/26 1 5 . 38 
1 /9 1 1 . 1 1  3/ 1 3  2 3 . 08 
5/ 1 8 2 7 . 78 1 1 /26 42 . 31 
3/ 1 8  1 6 . 6 7 3/26 1 1 . 54 
4/ 1 8  22 . 22 3/26 1 1 . 54 
- - 0 . 00 -- 0 . 00 
6/1 8 33 . 33 9/26 34 . 62 
TABLE 33 {�ont i nued) 
Mal es (22} 
Mode rate ( 7) Extreme ( 15) 
Trait No. % No. % 
Sagi ttal oss i cle - - 0-00 3/15 20 . 00 
Dehi s i ences of tympan i c  - - 0. 00 2/30 6.67 
Mastoi d foramen exsutural 1 /14 7. 14 5/30 16. 67 
Pharangeal fossa 3/7 42.86 1/15 6.67 
Ear exos toses -- 0. 00 2/30 6. 67 
Palati ne torus -- 0. 00 1/15 6 . 67 
Mandi bular torus -- 0. 00 2/30 6. 67 
Myl ohyoi d bri dge 1/14 7 . 14 - - 0. 00 
Accessory mental forami na -- 0. 00 1/30 3. 33 
Femal es {22) 
Moderate (9) Extreme ( 13) 
No. % No. % 
1/9 11. 11 1/13 7. 69 
2/18 11.11 5/26 19. 23 
1/18 5. 56 -- 0. 00 
I 1 /9 11. 11 - - 0. 00 
- - 0 . 00 - - 0. 00 
-- 0. 00 1/13 7. 69 
-- 0. 00 6/26 23. 08 
2/18 11 .11 -- 0. 00 
- - 0. 00 1/26 3 .  85 
O"'I 
\.0 
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several of the sutural bone variations probably do reflect the 
stresses of deformation. Oars ey ( 1897) reported that among 
Kwakiutl crania the frequency of wonnian bones increased as the 
skull became more elongated through deformation. He also noted 
that defonnation pressu res created a disturbance in the normal time 
of closure of the sutures . In particular he noted the early 
closure of the coronal suture among the Kwakiutl. Even though no 
records were kept concerning suture obliteration the author feels 
that early closure was also prevalent among the Kaufman-i�illiams 
crania since it was often impossible to determine the ty"pe of 
suture arrangement at pterion even though the skulls were not 
broken. 
·other researchers who have examined deformed crania have also 
noted high frequencies of wormian bones (Hooten 1930 ; Bennett 1965) . 
On the other hand, Bass (1964) and Jantz ·(1970) working with 
essentially undeformed Arikara crania noted wonnian bone frequencies 
in the range of 25-35%. Bennett (1965) studied the relationship 
between bas i -occi put 1 ength and the presence of wormi.an bones. 
He noted that in most cases where wormian bones are present that 
some form of physical stress is also evident. He says , 
It can be produced by any number of factors which influence 
head shape in general, such as artificial deformation, basi­
occiput length, or pathological conditions such as hydrocephaly � 
The variable expressivity of wonnian bones , as well as their 
formation, appears to be due to the type and ·amount of stress 
placed on the lambdoid suture during late fetal and early 
post-natal periods of bone growth (Bennett 1965 : 259). 
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Thus, the higher frequency of occurrence of both the ossicl e  
at l ambda and l ambdoid ossicl es in the extremel y  defonned group 
is probably  rel ated to the st resses of deformation. 
Summary 
The discrete trait ana l ysis based upon sex , bil ateral , and 
defonnation differences produced no significant differences in any 
of the traits when anal yzed in any of the three ways . However, the 
increased frequency of l ambdoid ossicl es and the ossicl e  at l ambda 
in the extremel y  deformed crania suggests that the stresses 
produced by deformation do affect the presence of wormian bones to 
some extent. 
CHAPTER 8 
SUMMARY AND CONCLUSIONS 
The primary purpose ·of this study was to provide a detailed 
biological analysis of the skeletal remains from the Kaufman­
Williams site in order to expand our knowledge about the prehistoric 
Caddo . A further analysis then attempted to relate the skeletal 
material from this site to skeletal samples from other Caddoan sites 
and from sites associated with other members of the Caddoan 
Linguistic Family. Descriptive , metrical , and non-metrical data 
were considered in analyzing the Kaufman-Williams material. 
Establishment of intergroup relationships involved consideration of 
only the metrical data. The results can be summarized as follows. 
Descriptive Data 
a. Seventy-five skeletons were recovered during the 
Kaufman-Williams excavations; there were 28 females , 26 males and 
2 1  subadults . 
b. TweDty-eight percent of the deaths occurred among 
subadults . The highest death rate for males occurred between 30. 0  
and 34 . 9  years of age . The females had two periods of high death 
rate--one between 30. 0 and 34. 9 years of age and the other between 
45 .0  and 49. 9. 
c. Congenital defects , which caused no apparent 
disability ,  occurred quite frequently in the Kaufman-Williams 
sample; these were noted most often in the vertebral column. 
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d. Degenerative arthritis was a commonly noted condition 
among the older individuals. 
e. Dental caries and abscesses occurred frequently. 
f. Single extended burials were the most frequently 
encountered type at Kaufman-Williams . 
g. All of the graves but nine contained burial offerings; 
usually the grave goods were placed around the head and shoulders. 
h. Pottery was the most frequently included ·artifact; 
it was more often found in quantity with the females. 
i. There were some differences in the types of tools 
associated with the males and females. 
j.  Parallelo-fronto-occipital deformation was the most 
common type of deformation ,at Kaufman-Wi 11 i ams. 
Metrical · Data 
a. Cluster analysis of the skulls based upon the two 
ratios ( Fron ta 1 Deformation Ratio:,. FDR , and Occi pi ta 1 
Defonnation Ratio, ODR) provided good agreement with the subjective 
evaluation regarding the de gree of defonnation. 
b. Several craniofacial measurerrents were found to be 
affected by deformation; these most commonly in vo 1 ved breadth 
measurements . 
c. The Penrose distance calculation placed the Cooper 
material generally more distant from the other populations; however, 
among the females Cooper and Sanders were close. 
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d .  The Penrose coefficient placed the Kaufman-Williams, 
Arikara, and Saint Helena morp hologically close. 
e .  The most notable �pect of the principal coordinate 
analysis of the Penrose distance matrix was the relatively large 
distance of the Cooper sample from all of the other groups, especially 
among the males. 
f .  The distance analysis neith er supported nor den i ed the 
hypothesized common ancestor of the Caddo and Arikara . 
Non-metrical Data 
a .  No significant differences were noted in discrete trait 
frequencies between the sexes . 
b .  Bilateral differences in non-metrical trait frequencies 
we re not significant . 
c .  No significa�t differences were noted in the frequency 
of discrete traits in the two deformation cl asses; however, there 
were several traits which occurred in higher frequencies in both 
sexes in either the moderate or extreme deformation classes. These 
consistenci es suggest a trend i nfluenced by the amount of 
deformation . 
Many of the usual problems encountered i n  the analysis of 
skeletal samples have surfaced in this study. First is the difficulty 
of obtaining suitable .comparative material. In the Caddoan area 
several f�ct�rs have contributed to the paucity of comparative 
material . Many of the skeletal col 1 ecti ans are in fragmentary 
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condition due to the vagaries of preservation or collection. Also, 
much of the collected material has never been reported upon or has 
been treated rather cursorily as part of a larger archaeological 
report. Furthermore, there· , has been an apparent de-emphasis upon 
studies of this type at some schools in the Caddoan area . 
Wesolowsky and Malina, in their analysis of the skeletal material 
from the Harris County Boys School site, state, 
Aside from the stature reconstruction, traditional osteo­
metric approaches were not used in this study since there is 
a growing realization in physical anthropology that understanding 
of the significance of data derived from such techniques is 
markedly deficient (Aten et al 1976 : 80). 
A few pages later, they ironically complain of 1 1 • • •  · the near 
total lack of comparative data 11 (Aten et al 1976 : 85) . Coupled with 
the above complication is the reluctance of some schools and 
researchers to release their raw data . Certainly all research in 
physical anthropology could move forward more expeditiously if 
there were more cqoperation. 
Another problem that is often encountered in studies of skeletal 
material is cranial deformation . Howells (1973), in a discussion 
of the use of cranially deformed skulls in multivariate studies � 
stated, 11 • • • if past-mortem pressure, or a rti fi ci a 1 deformation, 
has clearly changed the shape of a whole region of the skull from 
its nonnal character, it should be discarded 11 (Howells 1973 : 34) . 
This is generally true in biological distance studies ; however, 
failure to measure or to report intentionally deformed crania at 
all because they are deformed (Buikstra and Fowler 1976 : 86 ;  Butler 
1969 :118} drastically limits the amount of biological data that is 
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available about certain groups. Instead such · crania should be 
measured , and the particular measurements affected by deformation 
should be determined. Once this is done , biological distance 
comparisons between deformed and undefonned groups can validly be 
made. After all , cranial deformation was a common practice among 
many prehistoric groups . Ignoring it will not make it go away. 
The only hope in circumventing the interpretative problems it 
poses is to understand its effect on both metric measurements and 
discrete traits . 
The utilization of the Frontal Deformation Ratio (F DR) and 
the Occipital Deformation Ratio (ODR) is a start toward quantifying 
deformation. Other approaches might also be developed. However , 
any attempt to determine which measurements are affected by 
deformation will be more successful if sample sizes are large and 
if a good collection of undeformed crania from the same population 
is available for comparison. 
One further comment is perhaps pertinent . Many more 
biological studies involvi ng the Caddo Indians are needed. Present 
studies are so limited that the biological relationships between the? 
three Caddo Confederacies or the relationships between the earlier 
Gibson and later Fulton Aspects cannot be clearly ascertai ned. 
Furthermore , comparisons of the Caddo with other groups in · the 
Texas-Oklahoma area have apparently not been attempted. When these 
comparisons have been made , it is likely that the more farflung 
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b i ol ogi cal rel ati onsh i ps amo_n g th e vari ous membe rs of th e Caddoa n 
L i ng ui sti c Fami ly wi l l  be eas i er to understand .  Hopeful ly , th i s  
study i s  a step toward our better understan ding of th e b i o l ogi ca l 
vari ab i l i ty occurri ng among one segment of th e preh i s tori c 
Ameri ndi ans . 
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